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CHAPTER  1:  FLIGHT  AND  SIMULATION  TRAINING 


1.1  Development  of  Simulator  Training 

In  the  early  part  of  the  twentieth  century,  airplanes  became  more  abundant  and  flying 
them  became  more  challenging,  due  to  learning  to  fly  by  trial  and  error.  This  method  usually 
resulted  in  either  damaged  aircraft’s  or  a  trainee  being  killed  during  practices.  The  need  for 
training  without  the  use  of  the  operational  equipment  was  in  high  demand.  This  is  where  the 
initiative  to  capitalize  on  the  technology  of  flight  training  came  about.  This  was  done  by  building 
machines  that  would  simulate  flying  an  aircraft.  It  was  necessary  to  provide  a  realistic 
environment  to  be  sure  that  the  training  received  in  a  simulator  would  transfer  the  knowledge 
needed  to  operating  a  real  vehicle. 

In  the  1950’s  simulators  became  increasingly  important  because  of  the  complexity  of  the 
aircraft  and  the  corresponding  increase  in  the  cost  of  training  a  pilot.  This  led  to  more  realistic 
simulators  to  produce  higher  levels  of  transfer  in  training  them.  Because  of  limitations  of 
engineering  knowledge,  these  simulators  were  more  accurate  in  cockpit  design  than  in  flight 
characteristics.  As  the  need  was  recognized,  the  level  of  transfer  became  critical  in  going  from 
the  simulation  world  to  the  operational.  With  the  advent  of  digital  computers,  more  accurate 
models  with  key  considerations  to  flight  dynamics  and  aircraft  systems  became  possible.  Within 
a  short  time,  simulators  were  used  in  every  aspect  of  flight  training  and  highly  regarded  by  the 
Federal  Aviation  Administration  (FAA)  and  US  military  services  as  efficient  training  for  pilots. 

One  might  wonder  how  effective  training  can  be  without  a  realistic  simulator,  but  in 
actuality  training  for  most  tasks  in  a  low  realism  simulator  has  enabled  pilots  to  perform  as  well 
in  aircrafts  as  pilots  that  were  trained  in  a  high  realism  simulator  or  in  actual  aircrafts  (Prophet  & 
Boyd,  1970,  adapted  from  Caro,  1988).  The  key  lies  in  the  cuesthat  pilots  depend  on  when  it  is 
necessary  to  perform  a  given  task.  They  depend  on  cues  to  assess  the  condition  and  status  of  the 
aircraft  and  to  initiate  actions  or  guide  them  when  on  to  perform  or  not  perform  a  desired  action. 
A  skilled  pilot’s  performance  is  highly  dependent  on  making  the  desired  responses  to  cues. 
Important  considerations  in  training  and  using  cues  are  how  efficiently  a  pilot  can  recognize  a 
cue  and  then  make  the  appropriate  maneuver  or  response  to  that  cue.  The  pilot  will  need  to  learn 
to  discriminate  between  two  signals  that  may  be  physically  identical  but  will  require  two 
different  responses  for  each  signal.  As  the  task  becomes  harder,  the  ability  to  discriminate 
becomes  just  as  hard,  where  the  discrimination  could  possibly  depend  on  very  small  differences 
in  signal.  Overall,  the  simulator  and  its  components  all  work  for  one  common  goal:  that  is,  to 
help  develop  efficient  pilot  training,  without  any  loss  of  skills  and  knowledge  when  transferred 
into  an  operational  machine  (Caro,  1988). 

1.2  Above  Real  Time  Training 

Above  real-time  training  (ARTT)  is  the  training  acquired  on  a  real  time  simulator  when  it 
is  modified  to  present  events  faster  than  normal.  The  works  of  Kolf  (1973)  and  Hoey  (1976) 
suggested  that  above  real-time  training  of  pilots  would  lead  to  significant  increase  in  the 
effectiveness  of  flight  training  although  it  results  in  reduced  simulator  fidelity.  Kolf  (1973) 
noted,  “regardless  of  type  or  amount  of  pre-flight  simulator  training  accomplished  by  the  pilot, 
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the  actual  flight  appears  to  take  place  at  a  much  faster  time  frame  than  real  time.”  Kolf  (1973) 
modified  the  M2-F3  Lifting  Body  simulator  to  increase  the  pace  of  events  1 .5  times  their  pace  in 
real  time.  Three  pilots  who  had  already  flown  the  M2-F3  expressed  that  the  modified  simulator 
felt  exactly  like  the  aircraft.  Hoey  (1976)  reports  that  the  mental  state  of  test  pilots  operating 
remotely  piloted  vehicles  can  be  approximately  simulated  without  stressful  conditions  by 
increasing  the  simulated  rate  of  time  passage. 

In  their  extensive  work  on  exploring  the  benefits  of  ARTT,  Guckenberger  et  al.  (1997) 
placed  the  objectives  of  NASA  Dryden  Flight  Research  Center  and  Air  Force  Human  System 
Center’s  Technical  Planning  Integrated  Product  Team  (HSC,  TPIPT)  in  perspective.  They 
proposed  that  the  Air  Force  flight  training  may  derive  the  following  benefits  from  ARTT: 
increased  task  performance,  increased  trainee  retention  of  skills,  increased  situation  awareness, 
decreased  real  time  work  load,  decreased  real  time  stress,  increased  rate  of  skill  acquisition, 
reduced  simulator  and  aircraft  training  time,  and  more  effective  emergency  procedures  training. 
Crane  and  Guckenberger  (1997)  have  reported  that  pilots  trained  using  ARTT  performed 

emergency  procedures  and  defeated  bandit  aircraft  significantly  faster  than  pilots  trained  in  real 
time. 

Rossi  et  al  (1999)  trained  university  students  on  a  gunnery  task  to  compare  RTT  and 
ARTT  at  1.5  times  real  time.  The  students  trained  in  AR-TT  performed  on  test  trials -as  "Well  as 
students  trained  in  RTT,  although  the  ones  trained  in  ARTT  spent  less  clock  time.  During  the 
training,  however,  the  performance  of  students  in  ARTT  was  depressed  compared  to  students 
trained  in  RT.  Rossi  et  al  (1999)  hypothesized  that  the  use  of  ARTT  as  top-off  training  after  RTT 
would  result  in  more  effective  training.  Williams  (1999)  found  that  ARTT  as  top-off  training 
after  RTT  offers  better  training  in  comparison  to  ARTT  alone  or  RTT  alone. 

The  present  effort  addressed  the  use  of  ARTT  for  training  pilots  to  perform  basic  flight 
maneuvers.  The  performance  during  the  leaming  of  these  skills  should  correspond  with  Fitts  and 
Posner  s  (1967)  model  that  recognizes  three  basic  stages  of  skill  acquisition:  they  are  cognitive, 
associative  and  autonomous.  For  a  relatively  complex  task,  introducing  ARTT  may  be  more 
effective  at  the  autonomous  stage  or  used  as  top-off  training.  Because  the  task  may  be  more 
complex,  it  should  follow  Schneider’s  (adapted  from  Guckenberger  et  al  1997)  guidelines  for 
training  complex  skills,  which  are  the  following: 

>  Design  training  to  allow  many  trials  of  critical  skills. 

>  Maintain  active  participation  by  minimizing  passive  observation  of  the  task. 

>  Maintain  high  motivation  throughout  the  training  period. 

>  Train  under  mild  speed  stress. 

^  Train  strategies  that  minimize  operator  workload. 

^  Train  time-sharing  skills  for  dealing  with  high-workload  environments. 


The  mild  speed  stress  is  expected  to  be  a  distinct  feature  of  ARTT,  whereas  most  of  the 
other  features  desired  in  Schneider’s  guidelines  are  also  addressed  in  ARTT.  For  a  less  complex 
task,  for  example  flying  straight  and  level,  ARTT  may  offer  the  benefit  of  improved  time 
efficiency  of  training  if  it  is  introduced  at  the  associative  stage.  For  a  relatively  complex  task,  for 
example  turning  or  climbing  in  a  flight,  introducing  ARTT  may  be  more  effective  at' the 
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autonomous  stage.  Alternatively,  for  complex  tasks,  ARTT  may  be  used  a  stop-off  training  after 
RTT.  The  present  effort  has  included  the  study  of  ARTT  with  1 .5  times  real  time  used  for  top- 
off  training. 

1.3  Self-Instructional  Techniques 

Many  organizations  have  implemented  training  programs  that  will  enhance  the  overall 
development  of  the  pilot.  These  programs  are  organized  to  make  sure  the  precise  delivery  of 
training  is  adequate  for  each  pilot.  Implementing  self-instructions  allows  the  pilot  to  obtain  the 
necessary  knowledge  needed  to  perform  maneuvers  and  stick  controls  in  relation  to  the  simulator 
by  reading  a  script  or  looking  at  a  video. 

With  the  increase  in  computer-based  learning  and  distance  learning,  self-instructional 
strategies  are  becoming  more  widely  used.  The  present  effort  involved  an  attempt  to  minimize 
the  amount  of  flight  instructor  time  required  during  simulation  training  and  to  allow  student 
pilots  to  figure  out  errors  in  their  performance  by  themselves.  Thus,  mechanisms  for  the  student 
pilot  were  needed  to: 

>  Provide  initial  instruction  to  the  pilot. 

>  Provide  feedback  during  and  after  a  flight. 

For  initial  instruction,  a  video  was  developed  to  familiarize  participants  with  the 
equipment  and  the  four  basic  flight  maneuvers  to  be  taught  (See  Appendix  I  for  video  script  that 
was  used  for  all  participants  in  the  program). 

1.4  Feedback  System 

The  present  research  examined  the  use  of  in-flight  automated  feedback  and  post-flight 
automated  feedback.  The  in-flight  feedback  was  provided  in  the  form  of  audio  cues  consisting  of 
a  beeping  signal.  These  were  initiated  when  either  the  pilot’s  altitude  or  heading  was  out  of  the 
prescribed  ‘D’  grade  tolerance.  The  beeping  signal  remained  until  the  parameter  returned  within 
the  tolerance  level.  The  post-flight  feedback  was  provided  by  showing  a  set  of  strip  charts  to  the 
student  immediately  upon  completion  of  a  flight.  The  strip  charts  provided  a  graphical 
comparison  of  prescribed  tolerances  with  the  parameter  values  reached  in  a  student’s  flight. 

I. 4.1  Implementing  the  Audio  Cue 

In  a  Microsoft  Excel  scoring  file,  the  first  column  provides  the  time  instants  in  seconds. 
For  ‘A’  grade  performance  by  a  trainee,  the  required  values  and  allowed  tolerances  of  3  or  more 
flight  parameters  are  provided  against  each  time  instant.  The  tolerances  for  ‘B’,  ‘C,’  and  ‘D’ 
grades  are  respectively  two  times,  three  times,  and  four  times  the  tolerance  for  the  A  grade. 
When  a  parameter  is  beyond  ‘D’  grade  performance,  it  is  considered  out  of  bounds.  The  code 
performs  grading  of  a  trainee’s  flight  using  the  scoring  file  as  the  criterion  as  shown  in  Appendix 

II,  Tables  1-4. 
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The  Visual  Basic  code  performs  well  for  the  time  instants  expressed  in  seconds  when  the 
fractions  or  decimal  fractions  of  a  second  are  not  included  in  the  scoring  table.  Because  of  this 
the  time  instants  were  implemented  as  2.0,  3.0,  4.0... .  178,0,  179.0  second  integer  time  values. 

1.4.2  Out-of-Bounds  Audio  Signal 


This  signal  is  issued  at  any  such  monitored  time  instant  when  the  altitude  or  heading  is 
beyond  grade  D’  limits.  It  is  a  beeping  tone  of  500  Hz  frequency  for  a  duration  until  heading  or 
altitude  is  corrected.  To  determine  the  out-of-bound  signal,  only  two  parameters,  altitude  (H)  and 
heading  (PSI),  are  monitored.  The  scoring  tables  or  parametric  tables  have  desired  altitudes  and 
headings  at  one-second  intervals  from  1.0  to  180.0  seconds.  To  determine  out-of-bound  signals, 
‘t’  represents  3.0,  6.0,  9.0,  ....180.0  seconds,  the  time  instants  2.9,  5.9,  8.9,  ....179.9  are  omitted. ' 
The  following  is  an  example  of  how  the  simulator  monitored  the  altitude  and  heading  for  out-of- 
bound  audio  cues: 

Al.  Monitor  Alt(t)  =  altitude  at  time  t  second  in  the  flight. 

A2.  Monitor  Heading(t)  =  heading  at  time  t  second  in  the  flight. 

A3.  Pick  the  value  of  H(t)  =  altitude  given  in  the  scoring  table  at  time  t  second. 

A4.  If  H(t)  =  ng,  then  go  to  A 10,  otherwise  move  on  to  A5. 

A5.  Pick  the  value  of  H_tol(t)  =  tolerance  in  altitude,  given  in  scoring  table  allowed  for 
‘A’  grade  or  4-point  performance. 

A6.  HMAX(t)  =  H(t)  +  4  *  H_tol(t) 

A7.  HMIN(t)  =  H(t)  -  4  *  H_tol(t) 

A8.  If  Alt(t)  >  HMAX(t),  then  issue  the  out-of-bound  audio  cue  and  go  to  A10,  otherwise 
move  on  to  A9. 

A9.  If  Alt(t)  <  HMIN(t),  then  issue  the  out-of-bound  audio  cue  and  move  on  to  A 10, 
otherwise  do  not  issue  out-of-bound  audio  cue  but  move  on  to  Al 0. 

A10.  Pick  the  value  of  PSI(t)  =  heading  given  in  the  scoring  table  at  time  t  second. 

All.  If  PSI(t)  =  ng,  go  to  Al  for  another  time  interval,  otherwise  move  on  to  A12. 

A12.  Pick  the  value  of  PSI_tol(t)  =  tolerance  in  heading,  given  in  scoring  table,  allowed 
for  ‘A’  grade  or  4-point  performance. 

A13.  PSIMAX(t)  =  PSI(t)  +  4  *  PSI  tol(t) 

A14.  PSEMIN(t)  =  PSI(t)  -  4  *  PSI_tol(t) 

A15.  If  Heading(t)  >  PSIMAX(t),  then  issue  the  out-of-bound  audio  cue  and  go  to  A 1  for 
another  time  instant,  otherwise  move  on  to  A16. 

A16.  If  Heading(t)  <  PSIMIN(t),  then  issue  the  out-of-bound  audio  cue  and  go  to  Al  for  another 
time  instant;  otherwise,  do  not  issue  out-of-bound  audio  cue  and  go  to  A 1  for  another 
time  instant. 

Go  to  Al  for  another  time  instant  implies:  Repeat  the  procedure  to  monitor  the  altitude 
and  heading  for  out-of-bound  audio  cues  at  the  next  time  instant.  This  is  done  up  to  a  time  instant 
preceding  180  seconds,  typically  up  to  t  =  177  seconds. 
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1.4.3  Trending  Out-of-Bounds  Audio  Signal 

Trending  out-of-bounds  is  another  method  that  can  be  used  to  enhance  the  automatic 
feedback  system.  The  first  audio  signal  or  the  advance  warning  audio  signal  should  be  issued 
immediately  whenever  the  time  derivative  of  any  tracked  parameter  is  either  greater  than  its 
maximum  allowed  value  or  less  than  its  minimum  allowed  value. 

Related  Math 

DT  =  A  response  time  in  seconds  taken  by  pilot  to  perceive  and  control  a  deviation  of  a  flight 
variable,  it  includes  response  time  of  the  control  mechanism. 

UMAX  =  Maximum  value  of  a  variable  allowed  for  a  ‘D’  grade  performance. 

UMIN  =  Minimum  value  of  a  variable  allowed  for  a  ‘D’  grade  performance. 

U(t)  =  Value  of  a  variable  at  time  t. 

At  =  Increment  in  time  used  to  calculate  the  time  derivative  of  a  variable. 

DDT(t)  =  Time  derivative  of  a  variable  at  time  t. 

DDTMAX(t)  =  The  value  of  time  derivative  at  t,  above  which  an  audio  signal  is  required. 

DDTMIN(t)  =  The  value  of  time  derivative  at  t,  below  which  an  audio  signal  is  required. 

The  derivative  monitoring  or  anticipatory  monitoring  of  U(t)  is  determined  when 
UMIN<U(t)<UMAX  and  UMIN<U(t-At)<UMAX  at  time  t. 

The  parameter  U(t)  is  monitored  continuously,  or  at  every  one  tenth  of  a  second,  or  at  every  one 
third  of  a  second;  at  the  discretion  of  the  programmer. 

The  following  computations  are  performed: 

DDTMAX(t)  =  (UMAX  -  U(t))  /  DT. 

DDTMIN(t)  =  (UMIN  -  U(t))  /  DT 
DDT(t)  =  (U(t)  -  U(t-At))  /  At 

Audio  signal  is  required  whenever 

DDT(t)  >  DDTMAX(t)  or  DDT(t)  <  DDTMIN(t) 

Example:  Consider  altitude  monitoring. 

Let  the  altitude  be  monitored  at  every  one  tenth  of  a  second. 

Recommend  DT  =  2  seconds,  At  =  0. 1  second 
UMAX  =  10,200  ft 
UMIN  =  9,800  ft 
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Let  the  real  time  values  of  U  in  a  flight  be  the  following: 
U(t-At)  =  U  at  0.9  second  =  10,040  ft. 

U(t)  =  U  at  1.0  second  =  10,050  ft. 

The  following  conditions  are  met: 

9,800  <  10,050  <  10,200  and  9,800  <  10,040  <  10,200 


Therefore,  derivative  monitoring  is  needed  and  the  following  computations  are  performed  for  t  = 
1  second: 

DDTMAX(t)  =  (10,200  -  10,050)/2  =  75  ft/s;  at  this  rate  of  climb,  the  airplane  will  go  above 
UMAX  in  2  seconds. 

DDTMIN  (t)  =  (9,800  -  10,050)/2  =  -125  ft/s;  at  this  rate  of  descent,  the  airplane  will  go  below 
UMIN  in  2  seconds. 

DDT(t)  —  (10,050  —  10,040)/0. 1  =  100  ft/ s;  at  this  rate  of  climb,  the  airplane  will  go  above 
UMAX  in  less  than  2  seconds. 

It  is  found  that  DDT(t)  >  DDTMAX(t)  or  the  climb  rate  is  too  rapid,  the  derivative  audio  signal 
is  required. 

As  a  second  example,  let  the  real  time  values  of  U  be  the  following: 

U(t-At)  =  U  at  1.9  second  =  10,097  ft. 

U(t)  =  U  at  2.0  second  =  10, 100  ft 

The  following  conditions  are  met: 

9,800  <  10,097  <  10,200  and  9,800  <  10,100  <  10,200  therefore  derivative  monitoring  is  needed 
and  the  following  computations  are  performed  for  t  =  2  second. 

DDTMAX  (t)  =  (10,200  -  10,100)  /  2  =  50  ft/s;  at  this  rate  of  climb,  the  airplane  will  go-  above 
UMAX  in  2  seconds. 

DDTMIN  (t)  =  (9,800  -  10,100)  /  2  =  150  ft/s;  at  this  rate  of  descent,  the  airplane  will  go  below 
UMIN  in  2  seconds. 

DDT  (t)  =  (10,100  -  10,097)  /  0. 1  =  30  ft/s;  at  this  rate  of  climb,  the  airplane  will  not  go  above 
UMAX  or  below  UMIN  in  less  than  2  seconds. 

It  is  found  that  DDT  (t)  is  not  greater  than  DDTMAX  (t)  and  DDT  (t)  is  not  less  than  DDTMIN 
(t),  therefore  the  derivative  audio  signal  is  not  required. 

1.5  Strip  Charts 

In  the  post-flight  feedback  program,  all  tracked  parameter  values  were  accumulated 
during  the  entire  task  and  overlaid  on  a  display  chart  of  desired  parameter  values  after  the  task 
was  completed.  Figure  1 . 1  shows  the  tracked  parameter  for  altitude,  heading,  rate  of  climb,  and 
airspeed.  The  x-axis  represents  time  in  seconds  and  the  y-axis  represents  the  range  of  values  for 
that  parameter  in  its  respective  units.  From  this  chart,  one  can  visually  see  the  time  history  of  the 
student  s  progress  until  the  completion  of  the  flight.  The  ‘A,’  ’B,’  ’C,’  ’D’  marks  on  the  chart 
represent  what  type  of  grade  the  pilot  is  receiving  at  that  point  in  the  flight. 
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These  four  sample  charts  are  actual  charts  from  a  student  pilot’s  training  session  (refer  to 
Appendix  II  for  more  charts  from  a  flight).  The  altitude  chart  shows  that  this  student  flew  the 
entire  flight  within  the  maximum  tolerance  for  an  ‘A’  grade.  The  rate  of  climb  chart  shows  that 
the  student  kept  minimum  input  on  the  stick,  thus  resulting  in  a  low  rate  of  climb,  which  leads  to 
a  more  consistent  altitude.  If  the  pilot  did  not  have  control,  then  the  rate  of  climb  chart  would 
show  lines  that  are  not  uniformly  connected,  indicating  that  the  pilot  was  constantly  pushing 
forward  or  back  on  the  stick  to  maintain  the  desired  altitude.  For  the  airspeed  and  heading  charts, 
one  can  easily  notice  that  the  pilot  remained  within  the  desired  tolerances  for  an  ‘A’  grade,  only 
leaving  that  area  for  a  few  seconds  at  a  time.  One  can  notice  the  minimum  time  taken  to  correct 
the  deviation  once  the  pilot  fell  out  of  the  desired  path.  These  charts  were  available  to  the  pilot 
after  the  completion  of  the  flight  depending  on  what  program  the  pilot  was  placed  in.  More 
charts  and  description  on  this  portion  of  the  program  are  presented  in  Chapter  2. 


Figure  1.1:  Strip  Charts  for  Straight  and  Level 
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Climb 
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CHAPTER  2:  PERFORMANCE  MEASURES 
2.1  Proposed  Performance  Measures 

To  devise  a  set  of  performance  measures,  due  consideration  was  given  to  the  existing 
information  and  suggestions.  Private  Pilot  Practical  Test  Standards  a  publication  of  the  Federal 
Aviation  Administration  (FAA),  identifies  straight  and  level  flight,  climb,  descent  and  turn  as 
the  four  basic  flight  maneuvers.  For  the  testing  of  a  trainee  on  a  single  engine  airplane  the 
permitted  tolerances  by  the  FAA  are  as  follows:  altitude  ±  200  ft,  heading  ±  20°,  and  airspeed  ± 
10  kts.  Vogel  (1999)  acknowledges  that  by  training  a  candidate  to  flawlessly  accomplish  each  of 
the  four  basic  maneuvers,  the  flight  instructor  can  then  help  the  trainee  combine  them  into  more 
complex  maneuvers  that  one  needs  to  know  to  become  an  accomplished  and  safe  pilot.  He 
suggests  awarding  of  grade  points  4,  3,  2,  1,  0  on  flying  performances  within  given  tolerances  for 
different  parameters  of  flight  maneuvers.  For  example,  airspeed  tolerance  is  ±  5  kts  for  4  points 
±6  kts  for  3  points,  ±8  kts  for  2  points,  and  ±10  kts  for  1  point.  If  the  airspeed  remains  outside 
±10  kts  for  8  seconds  or.  more,  then  the  score  is  zero,  for  trending  back  within  ±10  kts  within  8 
seconds,  the  score  of  1  is  restored.  To  score  4  points  the  trainee  must  not  remain  outside  the  4- 
point  tolerance  for  more  than  5  seconds.  The  scores  for  a  maneuver  should  be  determined  after 
the  maneuver  is  completed  by  comparing  the  trainee’s  performance  of  the  maneuver  to  a 
template  of  the  maneuver  stored  in  the  computer  database. 

While  studying  the  effects  of  time  delay  between  control  input  and  airplane  response,  Ali  (1997) 
allowed  six  volunteer  pilots  on  an  F-15  simulator  to  conduct  several  three-minute  flights  until  the 
performance  of  every  volunteer  reached  his  or  her  own  asymptotic  stage.  In  their  asymptotic 
stage  of  performance,  three  of  the  six  trainees  could  maintain  the  altitude  within  ±20  ft  and 
heading  within  ±2  degrees  in  straight  and  level  flights. 

After  consideration  of  the  FAA  standards,  Vogel’s  recommendations  and  Ali’s  report,  the 
following  tolerances  for  different  parameters  were  proposed  for  measuring  performance  of  a 
trainee  in  the  basic  flight  maneuvers  on  a  simulator.  For  ‘A’  grade  or  4  point  performance  the 
tolerance  was  ±3  kts  for  airspeed,  ±50  ft  for  altitude,  ±100  ft/min  for  climb  or  descent,  and  ±3° 
for  heading  in  climb  or  descent  segment.  The  tolerances  for  ‘B’,  ‘C’,  and  ‘D’  grades, 
respectively,  were  two  times,  three  times,  and  four  times  the  corresponding  tolerances  for  the  ‘A’ 
grade.  For  example,  airspeed  tolerance  was  ±3  kts  for  ‘A’  grade  or  4  points,  ±6  kts  for  ‘B’  grade 
or  3  points,  ±9  kts  for  ‘C’  grade  or  2  points,  and  ±12  kts  for  £D’  grade  or  1  point.  For  automated 
scoring,  however,  instead  of  continuous  monitoring  of  a  trainee’s  flight,  the  grading  of  monitored 
parameters  was  done  at  every  three-second  interval.  In  other  words,  the  automated  scoring  was 
based  on  discrete  data  instead  of  continuous  data. 

2.2  Automated  Scoring 

To  use  the  proposed  performance  measures  for  grading  of  a  flight,  a  method  of  scoring 
was  devised  and  adopted  for  automated  scoring  on  a  simulator.  For  describing  the  method  of 
scoring,  considered  a  hypothetical  flight  with  required  airspeed  of  90  kts  for  a  30-second 
duration  (Refer  to  Table  1  for  a  detailed  evaluation  of  the  flight  grading  system).  In  the 
performed  flight,  the  airspeed  stayed  between  96  kts  and  99  kts  from  0  to  12  sec,  between  99  kts 
and  102  kts  from  12  to  18  sec,  between  102  kts  and  1 10  kts  from  18  to  27  sec,  and  between  99 
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kts  and  102  kts  from  27  to  30  sec  of  the  flight.  To  evaluate  the  performance,  we  awarded  points 
based  on  the  proposed  performance  measures:  ‘A’  grade  or  4  points  for  keeping  airspeed  within 
±3  kts  of  the  required  airspeed,  and  ‘B’,  ‘C’,  and  ‘D’  grades  for  deviations  within  ±6  kts,  ±9  kts, 
and  ±12  kts  respectively.  For  the  hypothetical  flight  described  above,  the  trainee  would  earn  ‘C’ 
grade  or  2  points  from  0  to  12  sec,  ‘D’  grade  or  1  point  from  12  to  18  sec,  a  failing  grade  or  zero 
points  from  18  to  27  sec,  and  1  point  from  27  to  30  sec.  The  total  of  the  earned  points  on 
airspeed  performance  of  30  seconds  would  be  (2  x  12)  +  (1  x  6)  +  (0  x  9)  +  (1  x  3)  =  33  points. 
The  grade  point  average  would  be  33  divided  by  30  seconds  or  1 . 1 . 


Table  2.1  Hypothetical  Continuous  Scoring  of  Airspeed  During  30  Seconds  of  Straight 
and  Level  Flight 


Time 

A/S  (kts) 

Grade  /  Points 

Earned  pts. 

0-12 

96-99 

C/2 

(2x12)  =24 

12-18 

99-102 

D/1 

(1x6)  =  6 

18-27 

102-110 

0 

(0x9) =  0 

27-30 

99-102 

D/1 

(1x3)  =  3 _ 

Grade  Point  Average  (GPA) 

33/30=  1.1 

The  method  of  grading  described  above  was  based  on  continuous  monitoring  of  a  flight. 
For  automated  scoring,  however,  the  grading  was  based  on  discrete  data  monitoring.  The 
grading  of  monitored  parameters  was  done  at  every  three-second  interval.  Consider  a  trainee’s 
flight  represented  by  Figures  2. 1  to  2.4  where  all  of  the  figures  represent  the  same  flight.  For  a 
straight  and  level  flight  of  3  minutes  or  1 80-  second  duration,  the  trainee  was  required  to  fly  on  a 
simulator  at  an  altitude  of  10,000  ft,  heading  toward  North  (360°  or  0°)  with  airspeed  of  90  kts. 
Let  us  consider  the  automated  real  time  grading  of  a  30  second  segment  of  this  flight,  from  150 
to  180  sec,  based  on  the  monitoring  of  four  parameters:  altitude,  climb  rate,  heading  and 
airspeed.  The  four  parameters  would  be  monitored  compared  with  their  required  values,  and 

graded  simultaneously  at  the  instants  of  150  sec,  153,  sec,  157  sec,  . ,  177  sec,  and  180  sec. 

The  grade  point  average  would  be  the  sum  of  all  the  awarded  scores  divided  by  the  total  number 
of  scores.  Automated  grading  of  the  desired  30-second  segment  of  the  flight  is  shown  in  Table 
2.2.  The  sum  of  all  the  awarded  scores  is  152.  The  total  number  of  scores  is  44. 

The  GPA  for  the  30-second  segment  of  the  flight  is  152/44  =  3.55.  A  flight  segment  of  any 
duration  or  the  complete  flight  of  any  duration  may  be  graded  by  automated  scoring  in  the  same 
manner. 
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3-able  22  Automated  Scoring  of  a  30-Second  Segment  of  the  Trainee’s  Flight  Graphically 
Shown  in  Figures  2. 1-2.4 
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Figure  2.1  Altitude  Versus  Time,  with  Automated  Grading  of  a  Straight  and  Level  Flight 
(Figures  2. 1  to  2.4  represent  the  same  flight.) 


Airspeed  (kts) 


Airspeed 


Figure  2.4  Airspeed  Versus  Time,  with  Automated  Grading  of  a  Straight  and  Level  Flight 


2.3  Procedure  for  Performance  Measures  Evaluation 

Six  students  from  Tuskegee  University  with  a  range  of  flight  experience  from  medium 
flight  knowledge  to  certified  piloting  participated  as  volunteer  pilots  on  the  simulator.  Because  of 
the  nature  of  this  experiment  for  performance  measures,  students  with  flight  knowledge  were 
desired  in  order  to  get  adequate  readings  at  different  levels  of  performance.  Each  one  of  the  six 
participants  typically  flew  the  following  seven  flights  of  three  minutes  duration: 

Straight  and  Level  flight  with  altitude  graded 
Straight  and  Level  flight  with  heading  graded 
Straight  and  Level  flight  with  airspeed  graded 

Straight  and  Level  flight  with  altitude,  rate  of  climb,  heading  and  airspeed  graded 
Level  Turn  flight  with  heading  and  bank  angle  graded  together 
Level  Turn  flight  with  altitude  graded 

Climbing  with  altitude,  rate  of  climb,  and  heading  graded  together 

For  every  flight,  a  Microsoft  Excel  table  of  required  parameter  values  and  tolerance  at 
three-second  intervals  was  used  as  input  file  for  grading  of  the  flight.  The  input  files  and  output 
for  straight  and  level  flight,  level  turn  flight,  climbing  flight,  and  test  may  be  seen  in  Appendix 
II.  While  a  flight  is  operated,  a  visual  basic  code  interacted  with  the  input  file  and  the  simulator 
operating  data  files  to  monitor  and  score  the  flight  parameters.  The  automated  score  files  thus 
generated  by  the  code  contained  the  parameter  values  attained  in  the  flight  and  the  respective 
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grade  points  at  the  desired  three-second  intervals.  A  separate  code  used  the  automated  score  files 
as  its  input  and  generated  the  graphs  of  heading,  altitude,  rate  of  climb,  and  airspeed  versus  time 
labeled  with  ‘A,’  ‘B,’  ‘C,’  and  ‘D'  grade  regimes.  A  set  of  such  graphs  is  provided  in  Figures  2.1 
to  2.4. 


The  grade  point  averages  for  the  desired  set  of  parameters  for  every  30-second  stamp  up 
to  180  seconds  were  also  calculated  from  the  automated  score  files.  Such  grades  are  termed  as 
the  automated  grades.  A  certified  flight  instructor  independently  observed  the  participants’ 
flights  and  provided  grades  for  every  30-second  segment  of  the  flights.  Those  grades  are  termed 
as  the  instructor’s  grades  (refer  to  Appendix  III). 

2.4  Results  from  Performance  Measures 

Vreuls  and  Obermayer  (1985)  have  recognized  three  common  ways  to  validate  the 
performance  measures.  In  one  of  the  three  ways,  the  grades  based  on  the  proposed  performance 
measures  are  compared  with  the  judgments  of  performance  provided  by  a  sample  of  experts.  For 
the  present  effort,  the  judgments  were  obtained  from  one  qualified  flight  instructor  instead  of  a 
sample  of  experts. 

The  automated^tgrades  based  on  performance  measures  versus  instructor’s  grades  are 
shown  in  Figures  2-5:to  2.8.  In  addition  to  the  experimental  points,  the  figures  also  have  the  best 
fitting  lines  based  on  linear  regression  for  different  sets  of  the  experimental  points.  Figure  2.5 
represents  straight  and  level- flights  when  heading  and  airspeed  are  graded  together.  Figure  2.6 
also  represents  grading  of  straight  and  level  flights,  but  three  different  sets  of  graphs  represent 
separate  monitoring  of  altitude,  heading  and  airspeed.  Figure  2.7  represents  level  turn  flight  with 
one  set  of  points  for  grading  of  altitude  and  the  other  set  of  points  for  combined  grading  of 
heading  and  bank  angle.  Figure  2.8  represents  climbing  flight  with  grading  of  altitude,  rate  of 
climb,  airspeed  and  heading.  It  is  interesting  to  see  the  values  of  correlation  coefficients  obtained 
for  the  linear  regression  fitting.  The  correlation  coefficients  of  0.971  and  0.901  between 
automated  grades  and  instructor’s  grades  for  all  parameters  of  straight  and  level  flight  and  for 
airspeed  of  straight  and  level  flight  suggest  that  their  automated  grades  are  acceptable.  The 
correlation  coefficients  of  0.110  and  0.301  for  heading  and  bank  angle  grading  of  level  turn 
flights  and  for  all  parameters  of  climbing  flights  suggest  that  their  automated  grades  are  not 
acceptable  and  the  corresponding  performance  measures  must  be  revised. 

Before  the  revision  of  performance  measures  for  flight  maneuvers  other  than  straight  and 
level  flight,  it  would  be  worthwhile  to  explore  two  possible  reasons  of  small  correlation:  1)  the 
software  is  not  capturing  and  combining  the  parameters  as  specified,  or  2)  the  instructor  pilot 
was  focusing  on  such  aspects  of  the  flight  as  smooth  performance  or  integrated  control  inputs 
instead  of  placing  emphasis  on  parameter  tolerances. 
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Figure  2.5:  Automated  grade  versus  instructor’s  grade  of  the  30-second  segments 
of  straight  and  level  flights. 

*  Experimental  Points,  all  Linear  Fit,  all  parameters 
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Figure  2.6:  Automated  grade  versus  instructor's  grade  of  the  30-second  segments  of  straight 
and  level  flights. 


Experimental  Points  Linear  Fit  Correlation 

♦  Airspeed  “  *Coefficient 

M  Heading  .  Airspeed  0.901 

&  Altitude  —  Heading  0.587 


Instructor's  Grade 
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Figure  2.8:  Automated  grade  versus  instructor's  grade  of  the  30-second  segments  of  climbing  flights. 


♦  Experimental  points,  all  parameters  Correlation  Coefficients  =  0.301 

—  graded 

Linear  Fit,  all  parameters  graded 
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2.5  Summary  of  Performance  Measures 


There  are  a  number  of  possible  ways  to  enhance  the  performance  measures.  Some  form 
of  video  playback  after  the  flight  would  be  helpful,  so  that  the  instructor  can  possibly  review  the 
points  given  or  have  the  flight  examined  by  a  second  instructor.  The  tolerance  levels  can  also 
increase  for  a  more  complicated  maneuver  without  losing  the  integrity  of  the  flight.  The  need  to 
establishing  a  derivative  check  for  the  pilot  returning  to  the  desired  parameter  within  a  given 
time  period  can  also  be  implemented.  This  procedure  would  utilize  the  time  it  would  take  once 
the  pilot  has  deviated  off  course  and  how  long  it  took  the  pilot  to  correct  the  off  status.  A 
correlation  between  the  control  inputs  of  the  aircraft  can  be  examined  along  with  the  movements 
of  the  rudder  and  aileron  together  within  an  integrated  turn  or  other  maneuvers.  Utilizing  more 
than  one  pilot  to  score  the  flight  and  then  comparing  all  of  the  scores  together,  including  the 
computer  score,  can  determine  a  better  correlation  through  the  averages  obtained. 

It  is  necessary  to  understand  that  when  the  computer  is  scoring  the  flight,  it  does  not  get 
fatigued  or  miss  any  time  stamps  that  are  pre-programmed  in  the  software.  Although  there  was  a 
strong  correlation  between  the  instructor  grade  and  the  computer  grade  during  straight  and  level 
flight,  the  correlation- between  the  two  during  the  level  turn  and  climb  was  off.  Onepossible 
explanation  is  that  the  automated  performance  measures  were  acceptable,  but  the  task  of 
monitoring  a  number  of  parameters  simultaneously  was  difficult  for  the  instructor.  The  question 
is  who  do  you  trust,  the  instructor  pilot  or  the  computer.  This  question  can  be  answered  if  the 
above  changes  or  additions  can  be  made,  then  a  possible  relation  between  both  scoring  systems 
can  be  evaluated. 


CHAPTER  3:  METHOD 


3.1  Experimental  Design 

The  independent  variables  studied  in  this  experiment  were  the  use  of  automated  feedback 
versus  no  feedback,  and  real  time  training  versus  a  combination  of  real  time  training  and  above 
real  time  training.  Participants  were  randomly  assigned  to  one  of  three  experimental  groups  The 
groups  were  real  time  training  with  feedback  (RTWF),  real  time  training  without  feedback 
(RTWOF),  and  real  time/above  real  time  training  with  feedback  (RT/ARTWF).  All  groups 
received  two  sessions  of  training  consisting  of  straight  and  level  flight,  climbs,  and  then  turns. 
Participants  in  the  RTWF  and  RTWOF  groups  first  experienced  four  flights  of  straight  and  level, 
two  climb  flights,  and  two  turn  flights.  This  sequence  was  repeated  on  the  second  session.  All 
training  sessions  for  these  two  groups  were  conducted  in  real  time.  Participants  in  the 
RT/ARTWF  group  experienced  their  first  session  in  real  time,  which  was  identical  to  the  first 
session  of  the  other  two  groups.  However,  on  the  second  session,  the  training  occurred  in  above 
real  time,  at  1.5  times  real  time.  It  consisted  of  six  straight  and  level  flights,  three  climb  flights, 
and  three  turn  flights.  Participants  in  the  latter  group  received  the  same  amount  of  training 
minutes  as  participants  in  the  first  two  groups,  but  more  lessons.  One  should  note  that  in  RTT 

every  flight  was  completed  in  three  minutes,  and  in  ARTT  every  flight  was  completed  in  two 
minutes. 
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Every  participant  experienced  the  following  sequence  of  events: 


Video  familiarization 
Training  session  1 
Training  session  2 
Testing 


All  participants  received  the  same  familiarization  video  before  the  training  and  the  same 
tests  in  real  time  upon  completion  of  training.  Training  sessions  1  and  2  keep  the  pilot  from 
getting  bored  with  the  same  tasks  of  level  flight,  climbing,  and  turning.  The  test  consisted  of  two 
three-minute  flights,  which  required  flying  straight  and  level,  climbing  and  turning.  Table  3.1 
shows  the  timeline  for  the  three  groups  according  to  the  sequence  of  events  and  their  appropriate 
time.  Notice  that  each  group  completed  the  training  in  the  same  amount  of  time.  For  ARTT  the 
group  had  more  flights  but  completed  them  in  the  same  time. 

Table  3.1  Timeline  of  the  Three  Groups,  with  Number  of  Flights  Performed  in  the  Box 


Groups  1  and  2 


jj  Video  i|  Straight  &  j 
\\  ji  Level  ! 

;  Video  i;  Climb  ij  Turning  1 

H  i  \\  i  I 
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II 

:  Turning  j 
II  1 

Test 

I  &  II 

jj  jj  1  jj  2  j!  3  jj  4  j 

jj  5  jj  6  jj  7  jj  8  j 

j  9  jj  10  jj  11  ji  12 

jj  i3  |j  i4 

;  15  j;  16  j 

\\  h 

l  j;  2  ji 
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21  24  30  36 


48  54  60  66 


Group  3 

i  Video  j 

Straight  &  j.  Video  l  Climb  j!  Turning 

Level  1  L  i  ji  i 

jj  Straight  &  j 
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1  jj  2  ]!  3  |!  4  j  |  5  jj  6  jj  7  jj  8 
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3.2  Participants 


The  participants  in  this  experiment  consisted  of  twenty-one  undergraduate  college 
students.  These  students  volunteered  their  time  without  any  incentives.  In  preliminary  studies 
with  flight  simulator  training,  it  was  established  that  novice  pilots  rarely  achieved  satisfactory 
(C)  level  performance  throughout  a  typical  training  session.  Because  of  this,  an  effort  was  made 
to  recruit  participants  who  had  either  a  few  flying  lessons  or  had  some  experience  in  a  flight 
simulator  or  initial  ground  training.  Actual  pilots  were  not  allowed  to  participate  Refer  to 
Appendix  III  for  pilots’  level  of  expertise. 

3.3  Apparatus 

A  mock  setup  of  a  partial  cockpit  was  constructed  and  used  as  the  pilot  training  station. 
Pilots  were  provided  with  a  panoramic  view  using  three  monitors  for  the  out-of-window  display 
and  a  fourth  monitor  used  for  the  instrumentation  panel  located  below  the  out-of-window 
monitors.  The  Heads-Up-Display  (HUD)  was  visible  on  the  center  monitor.  A  Heavy  Metal 

Computer,  a  joystick  and  a  keyboard  igoverned  the  four  monitors  (see  Picture  1  for  the  cockpit 
design  used  in  this  experiment).  . —  -  .  •  ■  . 

The  basic  Heavy  Metal  Computer  was  available  from  Quantum  3D- in  Lake  Forest 
California.  For  the  present  research  project,  SDS  International  in  Orlando,  Florida,  configured 
the  computer.  It  has  two  Pentium  II  400  MHz  processors,  400  MB  RAM,  three  extra  display 
cards  to  drive  the  three  monitors  and  a  Sound- Blaster  audio  card.  A  fifth  monitor  was  used  for 
the  scoring  and  post-flight  feedback  system.  The  flight  simulation  software  is  LiteFlite  version - 

3.3  available  from  SDS  International,  Inc.  LiteFlite  offers  flight  simulation  of  several  aircraft 
including  a  Predator  Unmanned  Aerial  Vehicle  (UAV)  system  (refer  to  Appendix  III).  A  single-. 
Predator  airplane  is  relatively  easy  to  control.  To  correspond  with  Predator  data,  the  students  on- 

the  simulator  were  required  to  fly  at  an  airspeed  of  90  kts  at  10,000  ft  altitude  for  most  of  the 
training  flights. 


For  the  computer  output  version,  Microsoft®  Excel2000  Visual  Basic®  for  Applications 
was  used  to  generate  the  graphs  and  GPA  of  the  pilots  after  the  flights. 

3.4  Flight  Curriculum 

The  flight-training  curriculum  consisted  of  three  types  of  flights: 

Straight  and  Level 

Climbing 

Turning 


For  each  lesson  the  flights  were  documented  in  a  strip-chart  format  and  script  and  given 
to  the  student  to  review  before  and  during  the  flight.  For  straight  and  level,  the  pilot  was  to  take 
charge  of  the  flight  at  10,000  ft.  altitude,  heading  N  at  360°  at  90  knots.  This  became  the  initial 
trim  for  all  three  levels  of  flight.  Next,  the  pilot  was  instructed  to  maintain  the  same  altitude 
heading,  and  airspeed  for  the  duration  of  1 80  seconds. 
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Picture  1:  Setup  of  Flight  Simulator  with  Scoring  Feedback  Monitor  to  the  Right 


During  climbs,  the  same  initial  trim  was  required.  However,  at  specific  times  during  the 
flight  the  pilot  was  to  perform  one  climb  at  500  ft/min,  another  climb  of  1000  ft/min,  and  finish 
the  flight  with  an  altitude  of  1 1,000  ft. 

During  turns  the  same  initial  trim  was  required,  and  in  this  lesson  the  pilot  was  required 
to  make  two  level  turns.  The  first  turn  was  a  heading  change  from  North  to  South  at  a  bank  angle 
of  30°.  The  second  turn  involved  changing  the  heading  from  South  to  North  with  a  bank  angle  of 
45°.  Both  maneuvers  were  to  be  performed  at  the  appropriate  times  according  to  the  flight  script. 
The  level  of  difficulty  as  assigned  by  a  consulting  flight  instructor  can  be  observed  in  Table  3  .2 
for  each  of  the  flight  lessons.  Table  3.3  shows  the  level  of  difficulty  for  the  two  tests  required  at 
the  end  of  training. 

3.5  Procedure  for  Participants 

Participants  were  asked  to  volunteer  approximately  two  hours  of  their  time  to  participate. 
Upon  arrival,  the  participants  were  asked  to  fill  out  a  consent  form  and  a  background  survey 
form  that  consisted  of  questions  about  their  level  of  flight  training  experience.  They  were  then 
assigned  a  student  code  to  protect  their  confidentiality.  After  the  forms  and  survey  were  signed, 
the  student  was  ready  to  begin  the  first  stages  of  training.  Students  were  provided  ample 
opportunity  for  breaks  and  refreshments  if  needed. 
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Table  3.2  Flight  Lessons  with  Level  of  Difficulty  and  Time  Required 
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Table  3.3  Level  of  Difficulty  for  the  Two  Tests 
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Note:  In  ARTT  the  level  of  difficulty  will  increase  significantly  for  climbs  and  turns. 
For  every  flight  the  total  flight  time  is  180  seconds. 
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Terms  for  Tables  3.2  &  3.3 


VSI-  Vertical  Speed  Indicator 

TC  -  Turn  Coordinator _ 

HI  -  Heading  Indicator _ 

BAI  -  Bank  Angle  Indicator 
ASI  -  Airspeed  Indicator 
ALI  -  Altitude  Indicator 
AI  -  Attitude  Indicator 


3.6  Familiarization 

In  the  familiarization  portion  of  the  program  students  were  required  to  watch  a  fifteen- 
minute  video  that  addressed  the  entire  flight  program  (refer  to  Appendix  I).  Due  to  the  complex 
nature  of  the  task  and  the  fact  that  these  participants  were  relatively  naive  about  the  task, 
participants  were  given  a  list  of  terms  and  definitions  that  were  used  in  the  video.  The  first 

-  portion  of  the  video  provided  an  overview  of  the  control  stick  and  throttle  operations,  and  then 
~  demonstrated  their  use  in  performing  coordinated  control  inputs  to  execute  the  flight  maneuvers 
.-..-such  as  climbing  and-turning  -The  next  part  of  the  video  identified  the  most  important  Heads  Up 

-  Display  (HUD)  information  that  corresponded  to  the  flight  lessons  such  as  altitude,  airspeed,  and 
•heading.  It  also  addressed Jhe  instrument- panel  indicators  such  as  artificial  horizon,  -vertical 
speed  indicator,  and  bank  angle  indicator  that  must  be  monitored  and  managed  in  order  to 

-  properly  perform  the  given  task.  The  knoAvledge  obtained  would  provide  a  better  understanding 
of  the  simulator  and  how  to  effectively  perform  a  visual  scan  of  both  the  HUD  and  instrument 
panel  while  using  the  control  stick  for  inputs  and  maintaining  the  correct  flight  parameters.  The 
video  also  instructed  the  pilot  on  how  to  perform  climbs  and  turns  during  flight.  Segments  of  the 
video  corresponding  to  the  task  about  to  be  performed  were  presented  just  prior  to  training  on 
that  task.  After  the  video  presentation  the  participants  were  seated  in  front  of  the  simulator  and 
allowed  to  ask  any  questions  relevant  to  the  flying  tasks  at  hand. 

Participants  were  also  informed  of  the  different  types  of  feedback  they  would  receive 
according  to  the  group  in  which  they  were  placed.  In  the  1st  and  2nd  groups  audio  cues  were 
present  and  the  post  flight  strip  chart  option  was  available.  The  audio  cues  were  activated  when 
the  pilot  went  out  of  bounds  for  altitude  or  heading.  If  the  pilot  climbed  to  10,200  ft  or  descended 
to  9,800  ft  the  audio  cues  would  be  triggered  until  the  pilot  corrected  his  or  her  position.  The 
audio  cues  would  also  be  emitted  when  the  pilot  exceeded  the  out  of  bound  limit  of  ±  8°  for 
heading;  at  this  time  the  pilot  would  have  to  correct  the  heading  in  order  to  turn  off  the  audio 
cues.  It  should  be  noted  that  when  the  audio  cues  are  on,  the  pilot  receives  a  zero  score  for  the 
appropriate  parameter. 

The  other  form  of  feedback  the  pilot  received  was  the  post  flight  strip  chart.  This  chart 
was  available  to  the  student  after  the  flight.  It  showed  the  altitude,  heading,  rate  of  climb,  and 
airspeed  of  the  flight  being  scored.  The  strip  chart  showed  each  of  the  parameters  versus  time  in 
seconds. 
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After  orientation  with  the  audio  cues  and  strip  charts,  participants  were  informed  of  the 
first  flight  they  would  have  to  perform.  They  were  also  given  the  flipchart  they  would  use  to 
coordinate  that  flight.  The  flipchart  was  provided  to  assist  the  student  in  managing  his  or  her 
flights  and  maneuvers  at  the  appropriate  time  intervals.  Each  of  the  lessons  and  both  tests  were 
provided  in  the  flipchart  for  the  pilot  to  review  and  observe  during  the  flights.  Pilots  were 
instructed  to  try  to  maintain  the  flipchart’s  flight  plan  in  order  to  achieve  maximum  scoring. 

3.7  Scoring 

Participants  were  instructed  on  the  scoring  procedure  and  how  to  obtain  the  highest 
possible  score  without  going  out  of  bounds.  For  grading  or  scoring  of  a  flight,  sampling  is  done 
as  a  single  snapshot  of  each  monitored  parameter  at  the  instant  in  time  governed  by  a  pre¬ 
specified  time  interval.  This  can  be  referred  to  as  “time  slice”  sampling.  For  basic  task  flights, 
grading  is  done  at  every  sixth-second  interval  for  straight  and  level  segments  and  at  every  three- 
second  interval  for  a  maneuvering  segment  such  as  climbing  and  turning.  The  few  seconds 
occurring  while  entering  and  leaving  a  maneuver  were  not  graded. 

Maneuvers  were  scored  based  on  four  points  for  an  ‘A’  score,  three  points  for  a  T3’  score,-- 
two  points  for  a  C  score  and  one  point  for  a  ‘D’  score.  Beyond  ‘D’  no  points  are  given  in  the 
score.  The  tolerance  allowed  varied  from  flight  to  flight.  For  instance,  in  straight  and  level  flight 
where  all  four  parameters  are  being  graded,  there  is  a  tolerance  of  +  50  feet  for  altitude,  +  100- 
feet/min  for  rate  of  climb,  ±  3  degrees  for  airspeed,  and  ±  2  degrees  for  heading.  For  climbs  and 
turns  not  all  parameters  were  graded,  but  the  points  were  calculated  in  the  same  manner  (refer  to 
Appendix  II  for  scoring  example). 

3.8  Training 

Training  took  place  immediately  after  all  questions  and  concerns  were  addressed  from  the 
participant.  Training  lessons  were  separated  into  two  sessions  to  keep  the  pilot  from  getting  over¬ 
tasked  with  the  same  lesson  repeatedly  (refer  to  Table  3.1).  The  experimenter,  who  was  familiar 
with  the  flight  guideline,  guided  the  pilot  through  the  first  flight  of  each  lesson.  This  assisted  in 
instructing  the  pilot  on  how  to  maintain  the  proper  parameters.  After  the  first  flight,  pilots 
completed  the  remainder  of  flights  on  their  own.  After  each  flight,  the  experimenter  reviewed  the 
pilot’s  score  and  strip  chart  if  they  fell  into  the  group  that  was  designated  for  feedback  with  strip 
charts.  This  would  be  the  only  interaction  between  pilot  and  experimenter.  Training  continued 
until  both  sessions  were  completed  and  scores  assessed  for  the  pilot. 

3.9  Testing 

After  the  training  lessons  participants  were  given  two  tests  in  real  time  without  feedback. 
Both  tests  given  to  the  pilots  involved  all  three  parameters  of  training  in  the  training  sessions. 
Pilots  were  provided  the  flipchart  and  enough  time  was  given  for  them  to  read  and  understand 
what  was  expected  of  them  in  the  test  flights.  After  the  completion  of  both  tests,  they  were 
briefed  on  their  scores  and  their  overall  performance  during  the  entire  program. 
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3.10  Simulator  Fidelity 

For  the  simulator  of  Predator  Airplane  used  in  the  present  study,  certain  checks  on 
validating  its  fidelity  were  performed  in  a  separate  study  reported  by  Williams,  20001.  Checks 
included  time  to  turn  in  a  level  flight,  static  longitudinal  stability,  maximum  lift  to  drag  ratio,  and 
maximum  rate  of  climb  at  various  speeds  and  altitudes.  Simulator  fidelity  was  found  acceptable 
for  the  present  work. 


3.11  Results  and  Discussion 

Figure  3.1  presents  the  grade  point  average  (GPA)  of  every  flight  in  the  training  and 
testing  sequence  averaged  over  the  seven  students  per  group.  As  an  example,  the  GPA  in  the  first 
straight  and  level  flight  averaged  over  the  seven  students  of  Group  One  equals  2.007  (Appendix 
III,  Table  10).  It  is  shown  by  a  triangle  at  three  minutes  time,  because  completion  of  the  first 
straight  and  level  flight  corresponds  with  three  minutes  of  training  time.  As  another  example,  the 
GPA  in  the  second  climb  flight  averaged  over  the  seven  students  of  program  three  equals  1.175 
(Appendix  III,  Table  12).  A  diamond  represents  data  from- this  group  at  18  minutes  because 
-completion  of  the  second  climb  corresponds  with  18  minutes  of  training  time.  To  consider  the 
three  training  groups,  use  Figure  3.1  as  a  reference. 


Figure  11:  Average  Performance  versus  time  of  training  and 
testing  for  three  separate  programs 

(The  GPA  is  the  average  performance  for  all  seven  students  in  a  program) 


A  Time  training  (min)  &  Tests 

A  RT  W  FB  =  Real  Time  Training  with  feedback  tor  self  instructions 
yi  RT  V\0  FB  =  Real  Time  Training  without  feedback 

RT/ART  W  FB  =  Part  Real  Time  and  Part  Above  Real  Time  Training  with  feedback  for  self  instructions 


Figure  3.1  Average  Performance  Versus  Time  of  Training  and  Testing  for  Three 
Separate  Programs 
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In  Group  One  (RTWF),  students  were  trained  in  RT  with  feedback  as  a  form  of  self- 
instruction.  In  the  training  intervals  from  0  to  12  minutes  and  from  24  to  36  minutes  of  level 
flights,  a  steady  increase  of  0.05  points  per  minute  in  the  GPA  was  visible.  The  average  climb 
performance  also  showed  a  steady  increase  in  GPA  at  a  rate  that  is  about  half  of  that  in  the  level 
.  flight  performance.  In  the  first  set  of  turning  flights  between  18  to  24  minutes,  a  drop  in  average 
performance  was  also  noticeable.  In  the  second  set  of  turning  flights  between  42  to  48  minutes 
there  is  no  visible  increase  in  performance.  Moreover,  the  performance  in  the  second  set  of 
turning  flights  did  not  show  anything  beneficial  when  comparing  the  24  to  42  minutes  of  training 
in  level  flights  and  climb  flights.  Finally,  in  this  Group  the  GPAs  in  turning  flights  are  the  lowest 

when  compared  with  GPA  values  of  level  flights  and  climb  flights. 

In  Group  Two  (RTWOF),  students  were  trained  in  RT  without  any  feedback.  In  the 
training  interval  from  0  to  12  minutes  of  level  flights  an  increase  in  performance  was  visible,  but 
from  24  to  36  minutes  the  rate  of  increase  appears  to  become  flattened  or  asymptotic.  The  nature 
of  changes  in  performance  for  climb  and  turns  are  not  different  from  those  in  the  RTWF  Group. 

For  Group  Three  (RT/ARTWF),  students  are  trained  with  feedback-as  a  self-instructional 
tool;  they  received  RTT  from  0  to  24  minutes  and  ARTT  from  24  to  48  minutes.  It  was 
noticeable  that  from  0  to  24  minutes  the- performance  trends  are  about  the  same  as -those  in  Group' 
One,  except  for  the  turning  flight  where  the  performance  did  not  decrease  with  the  training  time. 
For  Group  Three,  the  performance  from  24  to  48~minutes  is  very  significant.  In  this  training 
interval  ARTT  was  used  at  1.5  times  RT.  Accordingly,  the  number  of  flights -in  this  interval  is  6 
level,  3  climbs  and  3  turns  as  opposed  to  4  level,  2  climbs,  and  2  turns  in  Group  One,  Although 
ART  should  make  flying  more  challenging,  a  visible  decrease  in  performance  was  not  found 
from  24  to  48  minutes  when  compared  with  the  performance  from  0  to  24  minutes.  A  possible 
reason  may  be  that  without  any  distractions  like  gunnery  tasks  or  emergency  measures,  the  level, 
climb  or  turning  tasks  performed  one  at  a  time  are  not  highly  complex;  thus,  they  do  not  become 
excessively  challenging  in  ART  when  compared  with  RT. 

While  observing  the  training  program,  it  was  noticed  that  for  the  straight  and  level  flight 
the  degree  of  challenge  is  about  the  same  in  both  RT  and  ART,  but  for  climbing  and  turning 
flights  ART  operation  makes  the  tasks  more  challenging  when  compared  with  RT  operation.  In 
agreement  with  this  observation,  it  appears  that  the  climb  and  turn  performance  in  ART  from  36 
to  48  minutes  is  not  degraded  compared  with  RT  because  of  the  benefit  of  training  from  0  to  36 
minutes.  A  certified  private  pilot  independently  supervised  three  students  trained  in  three 
different  modes:  RTT  alone,  ARTT  alone,  and  ARTT  as  top-off  training.  This  pilot  recorded  in 
his  observation  that  when  an  above-real-time  trained  student  flew  in  real  time,  flying  seemed 
much  slower,  and  the  student  could  pay  more  attention  to  the  flight  objective. 

It  is  understood  that  climbs  and  turns  in  simulator  training  offer  a  greater  challenge  than 
straight  and  level  flight,  as  noted  from  the  performance  measures.  This  can  be  referred  to  Fitts 
and  Posner’s  (1967)  three  stages  of  skill  acquisition:  cognitive,  associative  and  autonomous.  As 
noted  in  the  introduction,  one  might  infer  that  for  a  more  complex  task,  ARTT  would  be  more 
effective  at  the  autonomous  stage,  and  for  a  less  complex  task,  ARTT  can  be  adopted  at  the 
cognitive  stage.  It  is  therefore  proposed  that  ARTT  alone  for  training  on  straight  and  level  flight 
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would  be  effective,  and  the  improved  time  efficiency  would  be  beneficial.  On  the  other  hand, 
ARTT  as  top-off  training  would  be  effective  for  the  climbing  and  turning  flights. 

For  RTT  with  feedback,  an  increase  in  performance  on  level  flights  with  the  amount  of 
training  was  visible  until  the  advanced  stages  of  training.  An  increase  in  performance  with  the 
amount  of  training  was  limited  to  the  initial  stages  of  training  when  feedback  was  absent  in  RTT. 
Therefore,  the  students  who  had  not  received  feedback  were  at  a  disadvantage.  A  consistent 
increase  in  performance  with  the  amount  of  training  was  not  apparent  in  the  RTT  and  ARTT 
portion  of  the  program,  although  the  students  received  feedback.  Perhaps  the  difference  in 
training  modes  from  RT  to  ART  at  the  24th  minute  was  masking  a  possible  increase  in 
performance. 

The  test  scores  of  the  subjects  in  three  different  modes  of  training  were  not  significantly 
different.  Moreover,  these  test  scores  are  too  low  to  warrant  a  definitive  comparison  of  the 
different  training  modes.  The  analysis  of  variance  calculated  according  to  D.B.  Wright  (1997) 
was  applied  to  the  test  scores  of  all  the  participants  in  three  different  groups  representing  the 
three  modes  of  training  respectively;  The  F  ratio  F(2,18)  equaled  3.747  where  for  a  =  .05  the 
;  _  critical  F  is  3.55,  and  for  a  =  .01  the  critical  F  is  6.01.  The  low  scores  overall  for  all  three  groups 
indicate  that  the  task  may  be  too  complex  to  master  in  the  training  period  allowed. 

Figure  3.2  shows  the  individual  straight  and  level  flights  with  just  the  straight  and  level 
portions  extracted  from  the  two  tests.  Groups  1  and  2  from  the  figure  offer  no  significant 
differences  for  the  straight  and  level  portions  of  the  tests.  Group  3  however,  shows  a 


Figure  12:  Training  and  Testing  for  Straight  and  Level  Flights 
(Not  shown  are  the  climbing  and  turning  flights  completed  within  12-24  &  36-48  minutes) 

R"  RT/ART/WF  *-•  RT/WF  ^  '  RT/WOf] 


Time  for  training  &  Tests  (min) 

Figure  3.2  Training  and  Testing  for  Straight  and  Level  Flights 
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significantly  lower  test  average  then  the  other  two  groups.  The  F  ratio  for  the  average 
performance  in  the  first  and  second  tests  equaled  0. 1 8  for  students  trained  under  three  different 
training  programs.  Therefore,  the  test  scores  are  not  significantly  different.  The  experimenter 
noted  that  as  the  trainees  would  start  off  the  tests  with  the  initial  straight  and  level  portions,  the 
pilots  were  able  to  maintain  the  flight  within  the  required  tolerances.  But  as  the  tests  required 
more  complicated  maneuvers  within  the  specified  time  frame,  it  was  harder  for  the  pilot  to  keep 
up  and  therefore  ended  up  in  a  position  of  lagging  behind  in  accordance  with  the  flight  plan. 
Therefore,  the  tests  average  represents  the  performance  of  the  pilot  at  all  the  straight  and  level 
portions  of  the  test,  whether  they  were  in  the  flight  plan’s  time  frame  or  not. 

3.12  Recommendations 

Based  on  the  present  work,  an  additional  set  of  experiments  is  suggested  as  further  work 
on  self-instructional  strategies  and  above-real-time  training.  Before  conducting  the  experiment, 
the  performance  measures  will  be  reviewed  and  revalidated.  Allen  et  al  (1986)  noted  that 
individuals  with  different  abilities  and  aptitudes  might  require  different  modes  of  instruction 
during  training.  This  could  lead  to  programs  designed  for  different  individuals  with  different 
levels  and  interests.  The  training  and  testing  of  a  participant  will  consist  of  familiarization, 
preliminary  level  flight  training,  and  pertinent  flight  maneuver  training  and  testing.  A  brief 
description  of  every  item  is  as  follows: 

Familiarization: 


Instructor  interacts  with  student  to  ascertain  student’s  familiarity  with  flight  and  airplane 
terms,  which  are  projected  in  the  instructional  video. 

Student  will  watch  instructional  video  on  straight  and  level  flight. 

Level  Flight  Training: 

Student  will  operate  the  three-minute  straight  and  level  flight  performed  in  two  minutes 
at  1.5  times  real  time  until  the  student  scores  ‘B’  or  better  grade  in  two  consecutive  flights 
without  requiring  emergency  measures.  The  student  will  operate  more  straight  and  level  flights  at 
1.5  times  real  time  with  the  requirement  of  emergency  measures  until  a  ‘B’  or  better  grade  in  two 
consecutive  flights  is  achieved.  Let  us  note  that  in  straight  and  level  flights  in  the  present  study, 
the  21  volunteers  on  average  reached  a  high  ‘C’  grade  (see  Figure  3.1)  and  9  of  them  reached  a 
high  ‘B’  grade  (see  Appendix  III,  Tables  9,  10  &  11).  It  is  estimated  that  depending  upon 
students’  background  and  aptitude,  the  numbers  of  required  flights  to  reach  ‘B’  performance  will 
vary  between  4  and  20.  At  this  point,  the  student  is  ready  for  participation  as  a  subject  in  an 
exploratory  experiment  composed  of  flight  maneuvers  in  training  and  testing.  Every  flight  in 
maneuvering  training  should  include  a  number  of  emergency  procedures.  The  in-flight  and  post¬ 
flight  feedback  for  self  instruction  will  consist  of  trending  out-of-bound  audio  cues,  out-of-bound 
audio  cues  during  a  flight,  and  strip  charts  showing  the  monitored  parameters  versus  time  after  a 
flight  is  completed.  For  training  in-flight  maneuvers,  every  participant  will  be  shown  a  video  on 
flight  maneuvering.  Participants  will  then  be  divided  in  three  different  groups: 
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(i)  RTT  with  no  feedback 

(ii)  RTT  with  feedback:  trending  out,  out-of-bound  audio  cues,  and  strip  charts 

(iii)  RTT  for  the  first  1 8  minutes  of  training  and  ARTT  for  the  next  1 8  minutes 

A  module  of  training  will  consist  of  one  straight  and  level  flight  with  acceleration  and 
deceleration,  one  climb  and  descent  flight,  and  one  right  and  left  level  turn  flight.  Four  training 
modules  will  be  completed  in  RTT,  and  five  modules  (two  in  RTT  and  three  in  ARTT)  will  be 
completed  in  the  RTT/ARTT  mode.  Upon  completion  of  training,  the  test  flights  will  be  given  in 
RT,  and  every  test  flight  will  require  acceleration,  deceleration,  climb,  descent,  right  and  left 
level  turns,  and  emergency  measures.  No  feedback  will  be  provided  in  the  test  flights  except  at 
the  end  of  the  test.  The  participant  will  be  briefed  on  his  or  her  grade  and  will  be  required  to 
complete  a  form  pertaining  to  evaluation  of  training. 


CHAPTER  4:  CONCLUSION 

The  study  of  flight  training  on  simulators  was  conducted  in  two  components: 
development  of  performance  measures  for  a  trainee’s  flight  and  comparison  of  different  training 
strategies,  and  performance  measures  and  automated  scoring  of  simulator  based  flights  used  for 
comparing  students’  performances  in  training  and  testing.  Performance  measures  derived  from 
prescribed  tolerances  in  different  parameters  of  straight  and  level  flights  gave  rise  to  acceptable 
automated  scoring  when  compared  with  the  respective  scoring  of  the  same  flights  provided  by  a 
qualified  flight  instructor.  For  scoring  of  level  turn  and  climbing  flights,  the  simple  criteria  of 
tolerances  in  different  parameters  did  not  work.  It  is  proposed  that  two  or  more  qualified  flight 
instructors  must  evaluate  video  playback  of  several  simulator  flights.  Then  the  automated  scores 
of  the  same  flights  based  on  different  exploratory  measures  of  performance  can  be  compared 
with  instructors’  scores. 

To  find  the  effects  of  self-instructional  methods  and  Above  Real  Time  Training  (ARTT) 
for  basic  flying  tasks  on  a  simulator,  twenty-one  university  students  were  trained  and  tested  on  a 
flight  simulator.  Each  student  was  trained  in  one  of  the  three  alternate  programs  and  then  tested 
in  Real  Time.  The  training  program  included  straight  and  level  flight,  climb  and  level  turns.  To 
draw  conclusions  for  the  climb  and  level  turns,  further  work  is  required  to  improve  the 
performance  measures.  The  following  conclusions  are  limited  to  the  training  of  straight  and  level 
flight. 


In  the  first  program,  the  students  were  trained  in  Real  Time  with  in-flight  and  post-flight 
feedback  for  self  instruction;  with  increasing  amount  of  training,  an  increase  in  their  performance 
was  visible  until  the  end  of  the  advanced  stage  of  training.  In  the  second  program,  the  students 
were  trained  in  Real  Time  without  any  feedback  for  self  instructions;  with  increasing  amount  of 
training,  the  increase  in  their  performance  was  limited  to  the  initial  stage  of  training  and  in 
Above  Real  Time  for  the  advanced  stage  of  training;  with  increasing  amount  of  training,  a 
consistent  increase  was  not  apparent  in  their  performance  although  they  received  in-flight  and 
post-flight  feedback  for  self  instructions  at  both  stages  of  training.  From  the  initial  to  advanced 
stages  of  training,  a  switchover  from  Real  Time  Flights  to  more  challenging  Above  Real  Time 
Flights  might  have  masked  the  students’  possible  increase  in  performance.  All  students  were 
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tested  in  the  Real  Time  Mode.  The  average  test  scores  for  students  trained  in  each  of  the  three 
different  programs  were  not  significantly  different.  A  consideration  of  the  individual 
performances,  however,  suggests  the  need  of  tailoring  of  training  program  for  individuals 


Within  the  respective  chapters,  there  are  discussions  and 
work  in  the  areas  relevant  to  training  on  flight  simulators. 


suggestions  for  possible  future 
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APPENDIX  I 


VIDEO  SCRIPT 

INTRODUCTION 

The  purpose  of  this  document  is  to  provide  a  guideline  for  the  development  of  an  instruction  video  based  on  three  (#’sl,  2  &  3)  of  the  five  lesson  plans 
included  in  the  US  AF  /  TU  flight  simulation  research  study  (see  section  below).  This  document  is  outlined  in  such  a  way  as  to  serve  as  both  a  visual  reference 
and  a  narrated  script  for  each  of  the  three  aforementioned  lessons. 


Lesson  Plans 

Orientation:  provides  the  subject  with  a  sufficient  overview  of  the  physical  flight  controls  as  well  as  an  orientation  of  the  simulated 
instrument  panel  setup  &  HUD  symbology  in  order  for  the  subject  to  competently  conduct  all  of  the  flight  tests. 

Level  Flight:  a  straightforward  task  requiring  the  pilot  to  maintain  a  consistent  heading,  altitude,  and  airspeed. 

Climb  / Descend:  a  more  demanding  task  requiring  the  pilot  to  perform  a  series  of  climbing  and  descending  flight  maneuvers  at  a  specified 
rate  in  order  to  achieve  a  specified  altitude  in  a  fixed  time  duration. 

Turns:  the  pilot  is  required  to  perform  a  series  of  horizontal  turns  at  specified  intervals  in  order  to  reach  a  specified  heading. 

Tests  I  &  II:  requires  the  pilot  to  perform  each  of  the  previous  flight  tests  (2  to  4)  consecutively. 


GLOSSARY  _ 


ASI  s  Airspeed  Indicator 

AI  s  Attitude  Indicator 

AH  2  Altitude  Indicator 

AO  A  s  Angle  of  Attack 

ARTT  2  Above  Real-Time  Training 

ASED  2  Aerospace  Science  Engineering  Department 


Pause 


VISUALS 


c-w,  c-c-w  s  clock-wise,  counter-clock-wise 

HI  2  Heading  Indicator 

HUD  2  Heads  Up  Display 

PD  s  Psychology  Department 

RCN  2  Research  Conductor  Narrative 

RoC  2  Rate  of  Cli  mb  -  " '  "  - 


Stop 


RTT  =  Real-Time  Training 
TC  s  Turn  Coordinator 
TU  2  Tuskegee  University 
USAF  2  United  States  Air  Force 
V  2  Visual 

VSI 2  Vertical-Speed  Indicator 


V-1A:  Title  Screen 
Title 

TU  &  USAF 
ASED  &  PD 


V-1B:  Close-up  of  the  sim  box. 


V-2A:  Close-up  of  the  center  monitor 
showing  the  Startup  menu. 


V-2B:  Close-up  of  the  center  monitor 
showing  the  Desktop  screen  and 
LiteFlite  Startup  Screen  menu. 


V-1 A  (Intro):  Full  frame  of  the 
simulator. 


Lesson  HO:  Orientation 


i  K>;00  ?«£«.  t 


RCN:  Initial  setup  of  the  simulator  by  the  research  conductor  consists  of  the  following  actions: 

a.  Toggle  the  power  switch  for  the  simulator  computer  to  the  ON  position  (allowing  a  few 
moments  for  the  system  to  boot-up), 

b.  Activate  the  start-up  menu  by  pressing  the  CTRL+ALT+DEL  keys,  and  enter  the  password  at 
the  logon  menu, 

c.  Single-click  on  the  START  menu ,  scroll  up  to  the  Programs  folder  icon,  scroll  to  the  LiteFlite 
folder  icon,  and  finally,  select  the  LiteFlite  ™  Multichannel  item  icon  in  order  to  start  the 
simulation  software. 

RCN:  Press  the  enter  key  at  the  LiteFlite  ™  Session  menu  (the  default  selection  is  already  set)  and  the 

LiteFlite  m  Startup  Screen  menu  will  appear.  The  research  conductor  will  now  be  able  to  set-up  the 

aircraft  type,  flight  plan,  instrument  panel,  and  input  scoring  sheet  by  doing  the  following: 

a.  Select  Predator  from  the  Aircraft  Type  option  for  the  aircraft  type, 

b.  Browse  for  the  scoring,  afjp  (for  RTT  active  scoring  mode)  or  xscoring.afp  (for  ARTT  active 
scoring  mode)  from  the  Flight  Plan  option  for  the  flight  plan, 

c.  Browse  for  the  tuskegee.  idf  from  the  Instruments  option,  and 

d.  Press  the  OK  button  to  start  the  simulation  software, 

e.  The  VBScript  Select  Scoring  Criteria  menu  then  appears  prompting  you  to  enter  the  name  of  the 

scoring  sheet  to  be  used,  ex.  Level  1,  climb,  etc... _ _ _ 


RCN:  This  is  an  instructional  video  for  the  evaluation  of  ARTT  and  self-instructional  strategies  for 
airmanship  tasks  on  a  flight  simulator.  The  video  is  intended  to  assist  the  RC  during  the  pre-flight 
briefing  &  post-flight  de-briefing  as  well  as  during  the  interim  flight  evaluations  and  Q&A  sessions: 

a.  Briefings:  the  pilot  will  watch  the  video  paying  special  attention  to  the  hints  and  general  notes, 
especially  those  for  control  inputs  and  HUD  /  instrument  panel  descriptions. 

b.  Evaluations  and  Q&A:  the  RC  will  view  the  data  generated  during  the  most  recent  test  flight 
with  the  pilot  in  order  to  evaluate  the  pilots’  flight  performance  and  make  corrective 
observations.  The  RC  will  then  answer  any  questions  that  the  pilot  may  have  or  quiz  the  pilot  as 
an  informational  review. 
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VISUALS 


NARRATIVE  INSTRUCTIONS 


V-3A:  Continue  full  frame  of  the 
simulator. 


V-4A:  Close-up  of  the  control  stick  & 
throttle. 


V-5A:  Close-up  of  the  instrument 
panel  monitor. 


% 


RCN:  The  first  flight  lesson  to  be  conducted  is  the  Orientation  flight.  It’s  objective  is  twofold: 

a.  First,  the  lesson  will  provide  an  overview  of  the  control  stick  &  throttle  functions  (with  respect 
to  the  aircraft  control  surfaces),  and  then  demonstrate  their  use  in  performing  coordinated 
control  inputs  in  order  to  ’’cleanly”  execute  the  basic  flight  maneuvers,  ex.  climbing  and  turning. 

b.  Second,  the  lesson  will  identify  the  most  relevant  HUD  discretes  (such  as  airspeed,  heading,  and 
altitude)  as  well  as  instrument  panel  indicators  (such  as  the  artificial  horizon,  vertical  airspeed, 
turn  coordinator,  and  heading)  that  must  be  monitored,  assessed,  and  managed  in  order  to 
efficiently  evaluate  the  most  pertinent  flight  information. 

The  combined  knowledge  thus  gained  will  illustrate  how  to  effectively  perform  a  visual  scanning 
pattern  of  the  HUD  &  instrument  panel  while  simultaneously  using  controlled  inputs  to  make 
corrective  adjustments  in  order  to  accomplish  the  desired  flight  maneuver. 

RCN:  We  will  first  begin  with  a  familiarization  of  the  a)  control  stick  and  throttle  functions  and  then 
review  the  b)  instrument  panel  and  HUD  layouts. 

a.  The  control  stick  provides  the  pilot  with  the  most  direct  means  of  maneuverability  & 
controllability  of  the  aircraft’s  three  axes  of  rotation  during  flight,  i.e.  the  longitudinal,  lateral, 
and  vertical  axes.  The  common  reference  point  for  the  three  axes  is  the  airplane’s  CG,  which  is 
the  theoretical  point  where  the  entire  weight  of  the  airplane  is  considered  to  be  concentrated. 
The  ailerons,  elevator,  and  rudder  create  aerodynamic  forces,  which  cause  the  airplane  to  rotate 
about  the  three  axes.  Control  stick  inputs  will  cause  the  airplane  to  pitch,  roll  or  yaw  about  each 
of  these  axes,  respectively: 

♦  Pitch  attitude,  which  is  the  up  and  down  movement  of  the  airplane’s  nose,  controls  the  rate 
of  climb  or  descent;  pulling  back  on  the  control  stick  causes  the  aircraft  V  elevators  to 
deflect  downward,  thereby  imposing  a  positive  moment  about  the  CG  of  the  airplane, 
resulting  in  an  upward  pitching  motion  for  climbing.  The  reverse  is  also  true  by  pushing 
forward  on  the  control  stick  for  descent. 

♦  Left  or  right  movements  of  the  control  stick  direct  the  airplane’s  roll  rate,  by  creating  an 
immediate  rolling  motion.  Since  the  airplane’s  aileron’s  always  deflect  in  opposite 
directions,  the  aerodynamic  shape  of  each  wing  and  the  associated  production  of  lift  is 
affected  differentially;  moving  the  stick  to  the  left  causes  the  right  aileron  to  deflect 
downward,  thereby  increasing  the  AO  A  on  the  right  wing  while  simultaneously  deflecting 
the  left  aileron  upward  and  decreasing  the  AOA  on  the  left  wing.  The  result  is  that  the 
airplane  will  roll  to  the  left  because  the  right  wing  is  producing  more  lift  than  the  left. 

Note:  As  long  as  the  stick  is  deflected,  the  airplane  will  continue  to  roll  in  that  direction  at 
that  rate;  only  by  returning  the  stick  to  neutral  will  the  airplane  stop. 

♦  Rotating  the  control  stick  with  c-w  or  c-c-w  twisting  motions  of  the  wrist  allows  the  pilot 
to  deflect  the  airplane’s  rudder  to  the  right  or  left,  thereby  causing  the  airplane  to  yaw, 
which  is  the  side-to-side  movement  of  the  airplane’s  nose. 

b.  Located  on  the  left-hand-side  of  the  control  stick  is  the  throttle,  which  plays  a  unique  role  in 
indirectly  influencing  the  aircraft’s  pitch  attitude  and,  therefore  its’  ability  to  maintain  a  stable 
flight  path;  excess  thrust  will  result  in  a  positive  deviation  in  attitude  or  AOA,  whereas  reduced 
thrust  will  have  the  opposite  effect. 

RCN:  Just  above  the  control  stick  setup  is  the  instrument  panel  monitor,  which  displays  various 
gauges  &  dials.  Starting  from  the  top-left  comer  of  the  panel  in  a  c-w  direction: 

♦  Airspeed  Indicator  (ASI):  This  dial  displays  the  true  airspeed  of  the  aircraft  in  units  of 
knots  and  is  read  in  a  c-w  direction.  Each  large  division  represents  10  knots  and  each  small 
division  represents  5  knots. 

♦  Artificial  Horizon  (AI):  Perhaps  the  most  important  display  since  it  presents  more 
information  in  one  place  than  any  other  “head-down”  instrument.  It  shows  a  view  of  the 
airplane,  as  it  would  appear  from  behind.  The  angle  of  bank  is  shown  by  the  relationship 
of  the  miniature  aircraft  to  the  deflected  horizon  bar  and  by  the  alignment  of  the  pointer 
with  the  bank  scale  at  the  top  of  the  instrument.  Pitch  is  indicated  by  the  position  of  the 
center  of  the  miniature  airplane  with  respect  to  the  horizon  bar.  The  bank  angle  is  marked 
in  divisions  of  10°.  The  attitude  indicator  also  senses  roll  as  well  as  pitch.  The  attitude 
indicator  uses  an  artificial  horizon  (with  the  sky  above  and  earth  below)  and  miniature 
airplane  to  depict  the  position  of  your  airplane  in  relation  to  the  true  horizon.  As  the 
airplane  banks,  the  relationship  between  the  miniature  airplane  and  the  horizon  bar  depicts 
the  direction  of  turn. 

♦  Altitude  Indicator  (ALI):  This  dial  shows  the  aircraft’s  true  height  above  the  SLS  of  the 
earth  in  units  of  ft. 
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VISUALS 


V-5B:  Continue  close-up  of  the 
instrument  panel  monitor. 


V6-A;  Close-up  of  the  HUD  monitor. 


NARRATIVE  INSTRUCTIONS 


♦  Vertical  Speed  Indicator  (VSI):  Shows  the  rate  of  climb  or  descent.  Each  large  division 
represents  1000  ft/min  and  each  small  division  represents  200  ft/min. 

♦  Turn  Coordinator  (TC):  When  you  are  rolling  into  or  out  of  a  turn,  the  miniature  airplane 
banks  in  the  direction  the  airplane  is  rolled.  A  rapid  roll  rate  causes  the  miniature  airplane 
to  bank  more  steeply  than  a  slow  roll  rate.  You  can  use  the  turn  coordinator  to  establish 
and  maintain  a  standard-rate  turn  by  aligning  the  wing  of  the  miniature  airplane  with  the 
turn  index.  The  inclinometer  is  used  to  depict  airplane  yaw.  It  consists  of  a  liquid-filled, 
curved  tube  with  a  ball  inside.  During  coordinated,  straight-and-level  flight,  the  force  of 
gravity  causes  the  ball  to  rest  in  the  lowest  portion  of  the  tube,  centered  between  the 
reference  lines.  You  maintain  coordinated  flight  by  keeping  the  ball  centered.  If  the  ball  is 
not  centered,  you  can  center  it  using  the  rudder.  To  do  this,  you  apply  pressure  on  the  side 
where  the  ball  is  deflected.  The  simple  rule,  “Step  on  the  ball,”  may  help  to  remember 
which  rudder  pedal  to  depress.  Centering  the  ball  will  result  in  a  coordinated  turn. 

♦  Heading  Indicator  (HI):  Senses  the  airplane  movement  and  displays  heading  based  on  a 
360°  azimuth,  with  the  final  zero  omitted.  In  other  words,  6  indicates  60°,  21  indicates 
210°,  and  so  on. 

Located  above  the  instrument  panel  monitor  is  the  HUD,  which  will  provide  much  of  the  visual  flight 
information  for  each  test  flight. 

♦  At  the  center  of  the  HUD  is  the  flight  ladder,  which  resembles  a  series  of  short  bars  that 
are  arranged  vertically  in  ascending  order  and  distributed  in  increments  of  2.5  degrees  up 
to  ±90°;  the  centermost  bar  (between  ±5°  range)  is  designated  as  0°  since  it  serves  as  the 
reference  origin  for  the  horizon.  The  flight  ladder  serves  as  the  best  reference  for  the  pilot 
to  quickly  ascertain  the  orientation  of  the  aircraft  since  its  vertical  alignment  is  fixed 
perpendicular  to  the  horizon;  the  solid  bars  indicate  a  positive  AO  A  or  climbing,  whereas 
the  dashed  bars  indicate  a  negative  AO  A  or  descending.  By  knowing  the  pitching  behavior 
of  the  airplane,  the  pilot  can  sense  attitude  deviations  and  can  readily  anticipate  the 
necessary  corrections  to  be  made. 

♦  In  the  middle  of  the  flight  ladder  is  a  circular  airplane  symbol,  which  represents  the  flight 
path  of  the  airplane. 

♦  Just  above  the  flight  ladder  is  a  row  of  small  vertical  marks  representing  the  compass 
heading  of  the  airplane.  It  is  measured  in  10’s  of  degrees,  ex.  06  indicates  60°,  21  indicates 
210°,  and  so  on.  Therefore,  the  compass  readings  are:  due  north  =  360°,  due  south  =  180°, 
due  east  —  90°,  and  due  west  =  270°. 

♦  Located  to  the  left  of  the  flight  ladder  is  a  small  rectangular  box  that  displays  the  aircraft’s 
indicated  airspeed  in  units  of  knots.  To  the  immediate  right  of  the  flight  ladder  is  a  second 
rectangular  box  that  displays  the  aircraft’s  relative  height  above  the  SLS  of  the  earth  in 
units  of  ft. 

\  Key  cofffthfemiftn  .MU  Even  though  the  research  conductor  will  remind  the  pilot  when  to 
continue  with  the  next  test  point  (in  case  the  pilot  becomes  preoccupied)  the  pilot  is  still 
responsible  for  observing  the  clock  parameter  (the  number  appearing  at  the  bottom  of  a  cluster 
of  discretes  located  on  lower  left  comer  of  the  HUD). 
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V:  Continue  close-up  of  the  HUD 
monitor. 


NARRATIVE  INSTRUCTIONS 


RCN:  The  mission  profile  for  this  flight  lesson  will  address  3  basic  flight  maneuvers:  level  flight, 
climbing,  and  turning.  To  begin,  the  initial  flight  condition  for  any  and  all  of  the  flight  tests  are 
automatically  defaulted  for  level  flight  at  an  altitude  of  10,000  ft.,  at  a  cruising  airspeed  of  90  kts., 
and  on  a  due  northerly  heading,  \p  =  360°.  After  the  initial  18  sec.  the  autopilot  is  disengaged  by  the 
research  conductor  to  allow  the  pilot  full-control  of  the  aircraft. 

Note:  Each  flight  will  use  either  real-time  audio  cues  or  strip  chart  feedback.  The  audio  cues  are  a 
series  of  beeps  that  will  alert  the  pilot  when  they  are  “out-of-bounds”,  during  flight  The  strip  chart 
will  graphically  show  the  pilot  their  entire  performance  during  the  post-flight  evaluation. 

7.  RCN:  The  first  flight  lesson  will  be  LEVEL  FLIGHT. 

I  Key  ;;  3:  The  aircraft  flight  model  has  an  inherent  “nose-down”  tendency 

requiring  the  pilot  to  vigilantly  maintain  stick-control  authority  at  all  times.  Additionally, 
adjustments  in  throttle  setting  will  be  frequent  and  must  be  carefully  managed  in  order  to 
maintain  the  required  fixed  airspeed. 

*  At  fime  interval  0:19  to  0:80  >»  fly  straight  and  level. 

1  Overview:  Level  flight  is  essentially  a  simple  task  requiring  the  pilot  to  maintain  a  consistent 
heading  (ip  =  360°),  altitude  (10,000  ft.),  and  airspeed  (90  kts.). 

I  The  control  inputs  required  for  level  flight  are  straightforward,  since  the  pilot  controls  the 
altitude  of  the  aircraft  primarily  through  2  input  devices  a)  the  control  stick  and  b)  throttle: 
l  a)  In  the  case  of  maintaining  level  flight,  the  pilot  is  required  to  “rigidly”  keep  the  stick  as 

~  neutral  or  “centered”  as  possible,  making  only  minor  adjustments  as  the  pitch  varies. 

I  b)  Likewise,  the  throttle  also  contributes  to  the  AO  A.  By  maintaining  a  consistent  airspeed  the 
desired  altitude  can  be  easily  achieved  and  maintained. 

I  Since  heading  will  not  vary  during  level  flight,  the  need  for  roll  inputs  is  negated. 

I  Now,  the  HUD  (more  so  than  the  instrument  panel)  will  provide  much  of  the  visual  flight 
information  needed  to  determine  level  flight.  The  key  parameters  that  must  be  observed  are:  i) 
airspeed,  ii)  the  flight  ladder,  iii)  altitude,  and  iv)  time. 

t  kLxy  cortsMt'.vsrthw  "2:  For  every  action,  there  is  an  equal  &  opposite  reaction:  All  stick  inputs 
should  be  performed  slowly,  carefully,  and  deliberately  so  as  to  avoid  excessive  and  undesired 
reactions  during  flight.  The  key  to  successfully  performing  any  flight  maneuver  is  to  anticipate 
what  control  actions  need  to  be  done  and  knowing  what  corrections  need  to  be  made. 

{  Wrap-up  Rvvww:  In  order  to  maintain  level  flight,  the  pilot  must: 

1.  Use  controlled  stick  inputs  (primarily  pitching)  and  make  continuous  throttle 
adjustments  so  as  to  achieve  a  stable  AO  A. 

2.  Monitor  the  airspeed,  flight  ladder,  and  altitude  HUD^  discretes  so  as  to  make  the 
appropriate  corrections  &  coordinated  control  inputs. 
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VISUALS 


V-7A:  Close-up  of  the  instrument 
panel  monitor. 

Alternate  between  V-7A  &  7B 


V-7B:  Close-up  view  of  the  HUD 
monitor. 

Alternate  between  V-7A  &  7B 


V-8A  &  8B:  Same  as  7A  &  7B 


V-9A:  Close-up  of  instrument  panel 
monitor. 


V-10-A:  Close-up  of  HUD  monitor 


&.  RCN:  The  next  flight  lesson  will  focus  on  CLIMBING. 

«-  At  time  interval  0:5G  to  1:30  >  >'  climb  at  1,000  ft/min  to  an  altitude  of  10,500  ft. 

I  Overvkw  Climbing  simply  requires  the  pilot  to  pull  back  on  the  control  stick  at  a  given  AOA 

in  order  to  achieve  the  desired  altitude  at  the  specified  RoC,  in  this  case  1000  ft./min. 

9..  RCN:  To  accomplish  this,  the  pilot  must  now  focus  on  the  instrument  panel  monitor,  specifically  the 
ASI,  ALI,  and  most  importantly,  the  VSI.  From  the  VSI,  the  pilot  will  be  able  to  easily  establish  the 
desired  RoC  by  gradually  pulling  back  on  the  control  stick  to  begin  a  shallow  climb  until  the  position- 
arrow  on  the  VSI  dial  reaches  the  1000  mark.  Once  completed,  the  pilot  must  maintain  a  fixed  grip 
control  of  the  control  stick,  in  order  to  maintain  the  RoC,  until  the  desired  altitude  is  reached. 

[  Roy  :  The  time  allotted  for  achieving  a  given  altitude  at  a  specific  RoC  is  the 

calculated  rate  required  to  do  so. 

*  At  lime  interval  1:30  to  7:90  >  >'  fly  straight  and  level  at  10,500  ft.  altitude. 

i  Wrap- tip  Review:  Positive  pitching  is  the  only  required  control  input.  By  monitoring  the  VSI, 

$  g ,  ASI,  and  ALI,  the  pilot  will  have  sufficient  visual  references  to  complete  the  task. 

10s  RCN:  The  last  flight  lesson  to  be  covered  is  TURNING. 

*  At  time  interval  2:00  to  2:40  ^  >  perform  a  right  level  coordinated  turn  at  30°  bank  angle  to 
“change  heading  from  0°  to  90°. 

!  Ov*rvl«rw:  the  pilot  is  required  to  perform  a  series  of  horizontal  turns  at  specified  intervals  in 
order  to  reach  a  specified  heading. 

11.  RCN:  To  accomplish  this,  the  pilot  must  perform  a  coordinated  turn,  as  well  as  monitor  the 
instrument  panel  for  the  ASI,  AH,  ALI,  TC,  and  HI.  The  most  important  of  these  are  the  AH  and  TC. 
The  AH  is  extremely  helpful  in  providing  the  pilot  with  being  aware  of  the  pitching,  banking,  and 
turning  behavior  of  the  airplane.  Similarly,  the  TC  will  provide  complimentary  information  to  assist 
the  pilot  in  negotiating  a  coordinated  turn. 

[  Key  considerate*-??  :  In  order  to  perform  a  coordinated  turn,  the  pilot  will: 

1 .  Movethe  stick  in  the  direction  of  the  turn. 

2.  Carefully  pull  back  on  the  control  stick  until  the  desired  heading  is  reached.  At  that 
point,  the  pilot  will  return  the  control  stick  to  its  neutral  position. 

In  our  example  we  will  make  a  turn  to  the  right  at  a  bank  angle  indicator  arrow  is  approximately 
30°,  then  gently  pull  back  on  the  stick.  This  will  allow  the  aircraft  to  perform  a  coordinated  turn 
effortlessly,  while  keeping  track  of  the  desired  heading  and  altitude. 

[  Wrap-up  Review:  The  pilot  will  perform  the  coordinated  turn  using  roll  &  pitch  inputs, 
assisted  by  slight  yawing  inputs.  Continue  making  minor  adjustments  in  throttle  setting  to 
maintain  the  required  airspeed. 


•  At  lime  interval  2:4*3  to  3:19  fly  straight  and  level  at  10,000  ft,  altitude,  and  a  90° 
heading. 

{  CONCLUSION:  This  now  concludes  the  orientation  portion  of  the  flight  lesson.  The  next  two 
lessons  demonstrate  level  flight  and  climbing  test  flights. 
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NARRATIVE  INSTRUCTIONS 


VISUALS 


V-1  A  (level):  Close-up  of  the  HUD 
monitor. 


V-1  A  (climb):  Alternate  close-up  of  the 
instrument  panel  and  HUD  monitors. 


Lesson  #  1:  Level  Flight 


Positive  adjustments  in  pitch  will  be  the  only  required  control  inputs. 
Consistently  monitor  the  airspeed,  heading,  flight  ladder,  altitude,  and  time  parameters  on  the 
HUD. 

Overview;  Level  flight  is  essentially  a  simple  task  requiring  the  pilot  to  maintain  a  consistent 
heading  (vp  =  360°),  altitude  (10,000  ft.),  and  airspeed  (90  kts.). 


h  RCN:  Initial  flight  conditions  are  automatically  commenced  at  a  cruising  airspeed  of  90  kts.,  on  a  due 
Northerly  heading  (vp  =  360°),  and  at  an  altitude  of  10,000  ft.  After  the  initial  18  sec.  the  autopilot  is 
disengaged  to  allow  the  subject  full-control  of  the  aircraft. 

2x  Take  charge  of  the  flight  at  10,000  ft.  altitude,  heading  toward  N  (\p  =  360°)  at  90  kts.  Maintain  the 
same  altitude,  heading  and  airspeed  for  the  complete  duration  of  1 80  seconds 

£  f  “  Stfs  wfa,  $f 


CONCLUSION'  This  now  concludes  the  level  flight  lesson. 


Lesson  #2:  Climb  (Only) 


Key  #1 :  Positive  adjustments  in  pitch  will  be  the  only  required  control  inputs. 

Consistently  monitor  the  VSI  on  the  instrument  panel  during  the  climbing  portions  of  the  flight 
test.  Otherwise,  simply  observe  the  airspeed,  heading,  flight  ladder,  altitude,  and  time 
parameters  on  the  HUD. 


Ovvj-vivsv;  Climbing  simply  requires  the  pilot  to  pull  back  on  the  control  stick  at  a  given  AO  A 
in  order  to  achieve  the  desired  altitude  at  the  specified  RoC. 


t. 


Take  charge  of  the  flight  at  10,000  ft.  altitude,  on  a  northerly  heading  (vp  =  360°),  and  at  an 
airspeed  of  90  kts. 

♦  At  time  miervaS  0:19  to  0:43  >»  fly  straight  and  level  10,000  ft.  altitude  90  kts. 
airspeed. 

♦  At  time  mtorvol  0:43  to  X;43  »>  climb  at  500  ft/min  up  to  an  altitude  of  10,500 
ft.  altitude. 


*  At  fiTOft  Uxtersiti  1  ;43 
at  10,500  ft.  altitude  90  kts. 

*  At  iim<:  Interval  2:19 
ft/min  up  to  an  altitude  of  1 1,000  ft. 

*  At  Ume  mtervai  2A9  to  3:19 
90  kts.  airspeed. 


fo2:19>X 
airspeed, 
to  2:49  • 


fly  straight  and  level 
'  >  climb  at  1,000 


fly  straight  and  ievel  at  11,000  ft.  altitude  and 


\  CONCLUSION:  This  now  concludes  the  climbing  lesson. 


£  “  3:25  J 
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Table  I:  Controller,  HUD,  and  Instrument  Panel  Cross-functionality  Chart 
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APPENDIX  II 

GRADING  OF  FLIGHTS:  INPUT  FILES  AND  TYPICAL  OUTPUT  FILES 


Appendix  Table  1:  Required  parameter  values  and  tolerances  for  'A'  grade  in  straight 
and  level  flight. 


Appendix  Table  2:  Required  parameter  values  and  tolerances  for  'A'  grade  in  climbing 
flight.  (Input  file) 


t 

(sec) 

H 

(ft) 

H  tol 

H  dot 
(ft) 

Hdottol 

V 

(lets) 

V  tol 

Psi 

(deg) 

Psi_tol  \ 

0 

10000 

50 

ng 

ng 

ng 

6 

10000 

50 

ng 

ng 

ng 

12 

10000 

50 

ng 

ng 

ng 

18 

10000 

50 

ng 

ng 

ng 

24 

10000 

50 

ng 

ng 

ng 

30 

ng 

ng 

ng 

ng 

33 

ng 

500 

100 

ng 

0 

3 

36 

ng 

500 

100 

ng 

0 

3  • 

39 

ng 

500 

100 

ng 

0 

3  : 

42 

ng 

500 

100 

ng 

0 

3 

45 

ng 

500 

100 

ng 

0 

3  i 

48 

ng 

500 

100 

ng 

0 

3  : 

51 

ng 

500 

100 

ng 

0 

3 

54 

ng 

500 

100 

ng 

0 

3 

57 

ng 

500 

100 

ng 

0 

3  : 

60 

ng 

500 

100 

ng 

0 

3  i 

63 

ng 

500 

100 

ng 

0 

3 

66 

ng 

500  . 

100 

ng 

0 

3 

69 

ng 

500 

100 

ng 

0 

3  : 

72 

ng 

500 

100 

ng 

0 

3 

75 

ng 

500 

100 

ng 

0 

3  j 

78 

ng 

500 

100 

ng 

0 

3 

81 

ng 

500 

100 

ng 

0 

3  j 

84 

ng 

500 

100 

ng 

0 

3  ; 

90 

ng 

ng 

ng 

ng 

96 

10500 

50 

ng 

ng 

ng 

102 

10500 

50 

ng 

ng 

ng 

108 

10500 

50 

ng 

ng 

ng 

114 

10500 

50 

ng 

ng 

ng 

120 

ng 

ng 

ng 

ng 

123 

ng 

1000 

100 

ng 

0 

3 

126 

ng 

1000 

100 

ng 

0 

3  i 

129 

ng 

1000 

100 

ng 

0 

3  ; 

132 

ng 

1000 

100 

ng 

0 

3  i 

135 

ng 

1000 

100 

ng 

0 

3  i 

138 

ng 

1000 

100 

ng 

0 

3  ; 

141 

ng 

1000 

100 

ng 

0 

3  j 

144 

ng 

1000 

100 

ng 

0 

3  i 

150 

ng 

ng 

ng 

ng 

156 

11000 

50 

ng 

ng 

ng 

162 

11000 

50 

ng 

ng 

ng 

168 

11000 

50 

ng 

ng 

ng 

174 

11000 

50 

ng 

ng 

ng 

180 

11000 

50 

ng 

ng 

ng 
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Appendix  Table  3:  Required  parameter  values  and  tolerances  for  'A'  grade  in  level 
turn  flight.  (Input  file) 


t 

H 

(sec) 

(ft) 

0 

10000 

6 

10000 

12 

10000 

18 

10000 

21 

ng 

24 

10000 

27 

10000 

30 

10000 

33 

10000 

36 

10000 

174 

1 

0000 

50 

111 

1 

0000 

50 

180 

10000 

50 
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Appendix  Table  5:  Output  grading  file 
the  computer's  scoring  system. 


for  Straight  and  Level  flight,  determined  from 


Time 

increment 

(sec) 


ALTITUDE  value  CLIMB  value  for 

for  given  time  given  time 

extrapolated  from  extrapolated  from 

previous  data  previous  data 


(AIRSPEED  value 
!for  given  time  Corrected 
extrapolated  from  HEADING 
previous  data _ 


88.992471461  1.972088253 


2.43417659 


T  ioooo 

0 

10042.90478 

133.4549797 

10036.95224 

17.42969652 

183.4861453 


-113.9001126 


51 .57366256 


87.961321511  0.3468105981 


0.248416221 


Hig||lI51jEsgE&H 


88.609990581  1.0417296381 


89.375422961  0.8454059121 


89.385369561  0. 778844055 


0.7744073081 


0.895763931 


89.987648261  0.91 7577605 


0751805241 


070299878 


88.875681261  1.0218775931 


87.364352561  0.31 0942861 1 


87.60664256 


578671941 


8406185 8 


0.932884936 


0.199094328 


0.359369841 


*  I  KKBEjSSI 

^IBWSI 


616234812 


m 


642629879 


341598253 


m  ™ 


1.447400826 


41.8633668 

1 _ 94 

.40005011 

0K! 

938328 

93.63892088 
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Appendix  Table  6:  Output  grading  file  with  letter  grades  available,  determined  from 
computer's  scoring  system  for  Straight  and  Level  flight. 


Time 

increment 

(sec) 

ALTITUDE 

Grade 

(number) 

ALTITUDE 

Grade 

(letter) 

CLIMB 

Grade 

(number) 

CLIMB 

Grade 

(letter) 

AIRSPEED 

Grade 

(number) 

AIRSPEED 

Grade 

(letter) 

HEADING 

Grade 

(number) 

HEADING 

Grade 

(letter) 

0 

4 

A 

4 

A 

4 

A 

4 

A 

3 

4 

A 

_  3 

B  .  _ 

4 

m 

3 

B 

6 

4 

A 

4 

A 

4 

A 

2 

C 

9 

4 

A 

4 

A 

4 

m  ■ 

0 

E 

12 

4 

A 

3 

B  _ 

4 

0 

E 

15 

4 

A 

3 

B 

4 

A 

0 

E 

18 

4 

A 

4 

A 

4 

A 

0 

E 

21 

4 

A 

4 

A 

4 

A _ 

0 

E 

24 

4 

A 

4 

A  __ 

4 

A 

0 

E 

27 

4 

A 

4 

A 

4 

A _ 

0 

E 

30 

4 

A 

3 

B 

4 

A 

0 

E 

33 

4 

A 

4 

A 

4 

0 

E 

36 

4 

A 

3 

B 

4 

rm 

0 

E 

39 

4 

A 

4 

A 

4 

A 

0 

E 

42 

4 

A 

4 

A  _ 

4 

A 

0 

£ _ 

45 

4 

A 

3 

B 

4 

A 

0 

E 

48 

4 

A 

4 

A  . 

4 

m 

0 

E 

51 

4 

A 

3 

B 

4 

A 

0 

E 

54 

4 

A 

4 

A 

4 

4 _ 

0 

E 

57 

4 

A 

-  -  2 

C 

A _ 

0 

E 

60 

4 

A 

4 

A 

4 

4 _ 

0 

E 

63 

4 

A 

3 

B 

4 

A _ 

0 

E 

66 

4 

A 

4 

A  ..... 

-4 

0 

E 

69 

4 

A 

4 

A 

4 

0 

E 

72 

4 

A 

4 

A 

4 

A 

0 

E 

75 

4 

A 

4 

A 

4 

A _ 

0 

E 

78 

4 

A 

4 

A  ._ 

4 

■ 

0 

E 

81 

4 

A 

4 

A 

4 

A 

0 

E 

84 

4 

A 

4 

A 

4 

m 

0 

E 

87 

4 

A 

4 

A  .... 

4 

A 

0 

E 

90 

4 

A 

4 

A 

4 

A 

0 

E 

93 

4 

A 

4 

A 

4 

!M  m 

0 

E 

96 

4 

A 

_  3 

B  ..._ 

4 

m 

0 

E 

99 

4 

A 

4 

A 

4 

m  ■ 

0 

E 

102 

4 

A 

3 

B 

4 

A 

0 

E 

105 

4 

A 

4 

A 

4 

A _ 

0 

£ _ 

108 

4 

A 

4 

A 

4 

0 

E 

111 

4 

A 

4 

A 

4 

A _ ■ _ 

0 

£ _ 

114 

4 

A 

3 

B 

4 

A _ 

0 

£ _ 

117 

4 

A 

3 

B 

4 

A 

0 

E 

120 

4 

A 

3 

B 

_3 

1 _ 

0 

£ _ 

123 

4 

A 

4 

A 

3 

B 

0 

£ _ 

126 

4 

A 

3 

B  ..  . 

4 

A _ 

0 

£ _ 

129 

4 

A 

4 

A 

4 

A _ 

0 

£ _ 

132 

4 

A 

A 

4 

A _ 

0 

£ _ 

135 

4 

A 

4 

A 

4 

A _ 

_ Q 

£ _ 

138 

4 

A 

3 

B 

4 

A _ 

_ Q 

£ _ 

141 

4 

A 

4 

A  _ 

4 

A _ 

_ Q 

£ _ 

144 

4 

A 

3 

B 

3 

£ _ 

0 

£ _ 

147 

4 

A 

_3 

B 

3 

B 

0 

£ _ 

15a 

4 

A 

3 

B 

4 

n  ■ 

0 

£ _ 

153 

4 

A 

4 

A 

4 

m 

0 

£ _ 

156 

4 

A 

4 

A 

3 

B 

0 

E 

159 

4 

A 

3 

B 

c 

0 

£ _ 

162 

4 

A 

_2 

C 

_ t 

c 

0 

£ _ 

165 

4 

A 

4 

A 

2 

c 

0 

E 

168 

4 

A 

4 

A 

3 

£ _ 

0 

£ _ 

171 

4 

A 

1 

D 

3 

EM 

0 

£ _ 

174 

4 

A 

_ 2 

C  _ 

3 

m 

0 

£ _ 

177 

4 

A 

4 

A 

3 

0 

£ _ 

_ Isa 

4 

A _ 

-2 

£ _ 

3 

IM 

_ Q 

£ _ 
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Appendix  Table  7:  GPA  Averages  for  Altitude,  Climb,  Airspeed,  and  Heading  during 
Straight  and  Level  flight. 


Grade  Averages: 


First  30  seconds  (0-30) 


Second  30  seconds  (30-60) 


Third  30  seconds  (60-90) 


Fourth  30  seconds  (90-120) 


Fifth  30  seconds  M  20-1 50} 


Altitude 


4.00 

4.00 

4.00 

4.00 


A 

A 

A 

A 


Climb 


3.63 


B 


3.73 


3.60 


3.07 


Last  30  seconds  (150-180) 

Overall 


4.00  A 

4.00  A 


1.29 

3.51 


Airs 

peed 

■KISf! 

mm 

4.00 

A 

3.96 

Second  30  seconds  (30-60) 

4.00 

A 

4.00 

A 

Third  30  seconds  (60-90) 

3.87 

B 

4.00 

A 

Fourth  30  seconds  (90-120) 

B 

3.73 

B 

Fifth  30  seconds  (120-150) 

HBXSTi] 

B 

0  38 

E  ! 

Last  30  seconds  (150-1 80) 

3.00 

B 

E 

Overall 

3.74 

B 

HESS 

B 
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APPENDIX  III 

PARAMETERS  FOR  FLIGHT  MANEUVERS 

BY  JOSEPH  L.  VOGEL 

Written  for  the  Air  Force  study  on  developing  a  system  of  scoring  aircraft 

training  maneuvers. 

The  following  parameters  address  the  four  basic  flight  training  maneuvers 
that  underlie  all  of  the  conditions  of  flight  that  can  be  encountered.  By 
training  each  candidate  to  flawlessly  accomplish  each  of  these  basic  maneuvers, 
the  flight  instructor  can  then  help  the  trainee  combine  them  into  more  complex 
maneuvers  that  one  needs  to  know  to  become  an  accomplished  and  safe  pilot. 

The  four  basic  maneuvers  in  question  are:  Climbs,  descents,  turns,  and 
straight  and  level  flight,  straight  and  level  flight  is  described  as  a  series 
of  minute  climbs,  descents,  and  turns  to  maintain  a  line  through  the  sky.  More 
complex  maneuvers  such  as  climbing  and  descending  turns,  constant  rate 
maneuvers,  constant  speed  maneuvers  and  other  complex  tasks  are  simply 
combinations  of  the  four  basic  maneuvers.  Using  these  parameters,  the  scoring 
and  post  mission  critique  will  be  oriented  toward  self  instruction  by  using  low 
cost  systems.  Parameters  are  taken  from  FAA-S-8081d4 ,  PRIVATE  PILOT  PRACTICAL 
TEST  STANDARDS  FOR  AIRPLANE  dated  Max*  1995.  Additionally,  parameters  are  taken 
from  several  of  the  flight  training  publications  such  as  AC  61-21,  FLIGHT 
TRAINING  HANDBOOK,  and  AC  61-23,  PILOT'S  HANDBOOK  OF  AERONAUTICAL  KNOWLEDGE  and 
the  AIM  (Airman's  Information  Manual.)  Reference  was  also  made  to  commercially 
available  publications  and  from  the  personal  flight  instructing  experience  of 
the  writer. 

For  each  maneuver,  the  trainee  must  begin  to  establish  the  parameters  within 
5  seconds  to  score  a  4 .  If  any  parameter  is  exceeded,  trainee  will  re-establish 
the  proper  parameter  or  will  establish  a  positive  remedial  trend  toward  the 
correct  value  within  5  seconds  to  score  a  4. 

At  this  writing,  the  maneuver  is  initiated  and  completed  when  the  instructor 
announces  it  and  signals  start  and  stop  times  to  the  computer.  However,  if  it 
proves  to  be  desirable,  the  start  time  may  be  established  by  a  computer  prompt, 
thereby  also  starting  the  timing  sequence.  The  maneuver  will  be  considered 
established  after  two  consecutive  two  second  computer  samples  agree  that  the 
parameters  are  being  met.  Time  of  establishment  of  the  maneuver  will  be 
retroactive  to  start  time  of  the  first  sample.  Scores  will  be  determined  after 
the  maneuver  is  completed  by  comparing  the  trainee's  performance  of  the 
maneuver  to  a  "template"  of  the  maneuver  stored  in  the  computer  database. 

Criteria  for  establishing  parameters  for  all  maneuvers: 

Establish  parameters  or  establish  positive  remedial  trend: 


within  5  seconds  Score  4 
within  6  seconds  Score  3 
within  7  seconds  Score  2 
within  8  seconds  Score  1 
9  seconds  or  more  Score  0 


Aircraft  State  variables:  Rate  changes  =  the  summation  of  the  rate  change 
throughout  the  maneuver.  This  will  give  an  indication  of  the  trainee's  ability 
to  smoothly  control  the  aircraft  throughout  the  maneuver.  Control  inputs  may  be 
another  data  set  to  look  at.  Large  control  inputs  at  low  speeds  may  not  result 
in  large  excursions  from  optimum  but  are  considered  poor  technique. 

During  each  maneuver,  the  computer  sampling  rate  will  be  once  every  two 
seconds . 


THE  CLIMB  (CONSTANT  AIRSPEED) 

Parameters  for  the  climb:  Based  on  a  Cessna  172  aircraft.  Target  Airspeed  70kts 
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X.  Trainee  will  establish  Vy  (Best  rate  of  climb)  airspeed  within  plus  or  minus 
10  knots. 

a.  Plus  5,  minus  5  knots  Score  4 

b.  Plus  6,  minus  6  knots  Score  3 

c.  Plus  8,  minus  8  knots  Score  2 

d.  Plus  10,  minus  10  knots  Score  1 

e.  Outside  of  parameters  Score  0  (If  out  more  than  8  seconds  and 

not  trending  back  to  optimum) 

f.  Trending  back  to  optimum  within  8  seconds,  Score  1 


2.  Trainee  will  maintain  given  heading  plus  or  minus  20  degrees. 

a.  Plus  5,  minus  5  degrees  Score  4 

b.  Plus  10,  minus  10  degrees  Score  3 

c.  Plus  15,  minus  15  degrees  Score  2 

d.  Plus  20  minus  20  degrees  Score  1 

e.  Outside  parameters  Score  0 

not  trending  back  to  optimum) 

f .  Trending  back  to  optimum  within  8  seconds,  Score  1 


(If  out  more  than  8  seconds  and 


3.  Once  airspeed  is  established,  trainee  will  maintain  established  pitch 
attitude  plus  or  minus  8  degrees . 


a.  Plus  3,  minus  3  degrees 

b.  Plus  5,  minus  5  degrees 

c.  Plus  7,  minus  7  degrees 

d.  Plus  8,  minus  8  degrees 

e.  Outside  parameters 

not  trending  back  to  optimum) 

f .  Trending  back  to  optimum  within 


Score  4 
Score  3 
Score  2 
Score  1 

Score  0  (If  out  more  than  8  seconds  and 
seconds.  Score  1 


4.  Once  airspeed  is  established,  trainee  will  not  vary  vertical  speed  by  more 


than  plus  or  minus  500  feet  per  minute 

a.  Plus  80,  minus  80  FPM 

b.  Plus  200,  minus  200  FPM 

c.  Plus  300,  minus  300  FPM 

d.  Plus  500,  minus  500  FPM 

e.  Over  500  FPM 

not  trending  back  to  optimum. ) 

f .  Trending  back  to  optimum  within 


(FPM)  . 

•Score  4 
Score  3 
Score  2 
Score  1 

Score  0  (If  out  more  than  8  seconds  and 
seconds,  Score  1) 


5.  Level  off  will  be  at  assigned  plus  or  minus  200  feet.  Once  established  at 
that  altitude,  trainee  will  maintain  that  altitude  plus  or  minius  200  feet  for 
30  seconds. 


a.  Plus  100  minus  100  feet 

b.  Plus  150  minus  150  feet 

c.  Plus  100  minus  100  feet 

d.  Plus  50  minus  50  feet 

e.  More  than  200  feet 

not  trending  back  to  optimum) 

f .  Trending  back  to  optimum  within 


Score  4 
Score  3 
Score  2 
Score  1 

Score  0  (if  out  more  than  8  seconds  and 
seconds,  Score  1 


6.  If  any  parameter  is  exceeded,  trainee  will  re-establish  the  proper  parameter 
or  will  establish  a  positive  remedial  trend  toward  the  correct  value  within  8 
seconds . 


THE  DESCENT  (POWER  OFF) 

(Constant  airspeed  descent:  Target  airspeed  70  knots) 

Parameters  for  the  descent  based  on  a  Cessna  172  aircraft 

Trainee  will  reduce  power  to  idle,  hold  the  aircraft  level  and  establish  the 
best  glide  airspeed  then  establish  the  proper  glide  angle  to  maintain  that 
airspeed.  Target  airspeed  is  70  knots. 
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trainee  will  maintain  that  airspeed,  plus  or 


1.  Once  airspeed  is  established, 
minus  10  knots . 

a.  Plus  5,  minus  5  knots 

b.  Plus  6,  minus  6  knots 

c.  Plus  8  minus  8  knots 

d.  Plus  10,  minus  10  knots 

e.  Outside  parameters 
not  trending  back  to  optimum) 

f .  Trending  back  to  optimum  within  8 


Score  4 
Score  3 
Score  2 
Score  1 

Score  0  (If  out  more  than  8  seconds  and 
seconds,  Score  1 


2.  Once  airspeed  is  established,  trainee  will  maintain  established  pitch 


attitude  plus  or  minus  10  degrees. 

a.  Plus  5,  minus  5  degrees 

b.  Plus  6  minus  6  degrees 

c.  Plus  8,  minus  8  degrees 

d.  Plus  10,  minus  10  degrees 

e.  Outside  parameters 

not  trending  back  to  optimum) 

f .  Trending  back  to  optimum  within 


Score  4 
Score  3 
Score  2 
Score  1 

Score  0  (If  out  more  than  8  seconds  and 
8  seconds,  Score  1 


3.  Trainee  will  maintain  given  heading 

a.  Plus  8,  minus  8  degrees 

b.  Plus  10,  minus  10  degrees 

c.  Plus  15,  minus  15  degrees 

d.  Plus  20,  minus  20  degrees 

e.  Outside  parameters 

not  trending  back  to  optimum.) 

f.  Trending  back  to  optimum  within 


plus  or  minus  20  degrees. 

Score  4 
Score  3 
Score  2 
Score  1 

Score  0  (If  out  more  than  8  seconds  and 
I  seconds,  Score  1. 


4.  Once  airspeed  is  established,  trainee  will  not  vary  vertical  speed  by  more 


than  plus  or  minus  500  feet  per  minute 

a.  Plus  80,  minus  80  FPM 

b.  Plus  200,  minus  200  FPM 

c.  Plus  300,  minus  300  FPM 

d.  Plus  400,  minus  400  FPM 

e.  Over  500  FPM 

not  trending  back  to  optimum) 

f .  Trending  back  to  optimum  within 


(FPM)  . 

Score  4 
Score  3 
Score  2 
Score  1 

Score  0  (If  out  more  than  8  seconds  and 
seconds,  Score  1. 


5.  Level  off  will  be  at  assigned  altitude  plus  or  minus  200  feet.  Once 
established  at  that  trainee  will  maintain  that  altitude  plus  or  minus  200  feet 


for  30  seconds. 

a.  Plus  100  minus  100  feet 

b.  Plus  150  minus  150  feet 

c.  Plus  100  minus  100  feet 

d.  Plus  50  minus  50  feet 

e.  More  than  200  feet 

not  trending  back  to  optimum) 

f.  Trending  back  to  optimum  within  8 


Score  4 
Score  3 
Score  2 
Score  1 

Score  0  (If  out  more  than  8  seconds  and 
seconds,  Score  1. 


6.  If  any  parameter  is  exceeded,  trainee  will  re-establish  the  proper  parameter 
within  8  seconds  or  will  establish  a  positive  remedial  trend  toward  the  correct 
value • 


TURNS  TO  HEADINGS  . 

Parameters  for  the  maneuver  based  on  a  Cessna  172  aircraft 
(Target  airspeed  100  knots) 


1.  Trainee  will  establish  an  angle  of  bank  for  a  medium  banked  turn*  A  medium 
banked  turn  is  defined  as  one  in  which  the  bank  angle  is  maintained  at  20 
degrees.  Ideal  rate  of  turn  is  1.5  degrees  per  second. 

a.  Plus  5,  minus  5  degrees  Score  4 

b.  Plus  7,  minus  7  degrees  Score  3 

c.  Plus  9,  minus  9  degrees  Score  2 


51 


d.  Plus  8,  minus  8  degrees  Score  1 

e.  Over  plus  or  minus  8  degrees  bank  Score  0  (If  out  more  than  8 

seconds  and  not  trending  back  to  optimum) 

f.  Trending  back  to  optimum  within  8  seconds.  Score  1. 


2. 


Once  bank  is  established,  trainee  will  maintain  altitude  within  plus  or 


minus  200  feet. 

a.  Plus  50,  minus  50  feet 

b.  Plus  80,  minus  80  feet 

c.  Plus  150,  minus  150  feet 

d.  Plus  200,  minus  200  feet 

e.  Outside  parameters 

not  trending  back  to  optimum. ) 

f .  Trending  back  to  optimum  within 


Score  4 
Score  3 
Score  2 
Score  1 

Score  0  (If  out  more  than  8  seconds  and 
seconds,  Score  1. 


3.  Trainee  will  maintain  cruise  airspeed  within  plus,  or  minus  10, knots. 


a . 

Plus  3, 

minus  3  knots 

Score  4 

b. 

Plus  7, 

minus  7  knots 

Score  3 

c . 

Plus  9, 

minus  9  knots 

Score  2 

d. 

Plus  8 , 

minus  8  knots 

Score  1 

e . 

Outside  of  parameters 

not  trending  back  to  optimum. ) 

Score  0  (If  out  more  than  8  seconds  and 

f . 

Trending  back  to  optimum  within 

8  seconds,  Score  1. 

4.  Trainee  will  roll  out  of  turn  on  assigned  heading  plus  or  minus  20  degrees. 
Trainee  will  hold  that  heading  for  30  seconds. 


a. 

Plus  5,  minus  5  degrees 

Score  4 

b. 

Plus  8  minus  8  degrees 

Score  3 

c. 

Plus  15,  minus  15  degrees 

Score  2 

d. 

Plus  20,  minus  20  degrees 

Score  1 

e . 

Outside  of  parameters 

not  trending  back  to  optimum. ) 

Score  0  (If  out  more  than  8  seconds  and 

f . 

Trending  back  to  optimum  within 

8  seconds,  Score  1. 

STRAIGHT  AND  LEVEL  FLIGHT 

Parameters  for  the  maneuver  based  on  a  Cessna  172  aircraft 
(Target  cruise  airspeed,  100  knots) 


1. 


Once  altitude  is  established,  trainee  will  maintain  altitude  within  plus  or 


minus  200  feet. 

a.  Plus  50,  minus  50  feet 

b.  Plus  80,  minus  80  feet 

c.  Plus  150,  minus  150  feet 

d.  Plus  200,  minus  200  feet 

e.  Outside  parameters 

not  trending  back  to  optimum. ) 

f .  Trending  back  to  optimum  within 


Score  4 
Score  3 
Score  2 
Score  1 

Score  0  (If  out  more  than  8  seconds  and 
seconds,  Score  1. 


2.  Trainee  will  maintain  given  heading  plus  or  minus  20  degrees. 

a.  Plus  5,  minus  5  degrees  Score  4 

b.  Plus  8,  minus  8  degrees  Score  3 

c.  Plus  15,  minus  15  degrees  Score  2 

d.  Plus  20  minus  20  degrees  Score  1 

e.  Outside  parameters  Score  0 

not  trending  back  to  optimum) 

f.  Trending  back  to  optimum  within. 8  seconds,  Score  1. 


(If  out  more  than  8  seconds  and 


3.  Trainee  will  establish  cruise  airspeed  of  100  knots.  Cruise  airspeed  will  be 
maintained  within  plus  or  minus  10  knots . 


a . 

Plus 

5, 

minus 

5 

knots 

Score 

4 

b. 

Plus 

6, 

minus 

6 

knots 

Score 

3 

c. 

Plus 

8, 

minus 

8 

knots 

Score 

2 

d. 

Plus 

10, 

,  minus 

10  knots 

Score 

1 
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e.  Outside  of  parameters  Score  0  (If  out  more  than  8  seconds  and 

not  trending  back  to  optimum. 

f.  Trending  back  to  optimum  within  8  seconds.  Score  1. 


4. 


Once  airspeed,  altitude  and  heading  is  established,  trainee  will  not. vary 
vertical  speed  by  more  than  plus  or  minus  500  feet  per  minute  (FPM) . 


a. 

Plus 

100, 

minus 

100 

FPM 

b. 

Plus 

200, 

minus 

200 

FPM 

c . 

Plus 

300, 

minus 

300 

FPM 

d. 

Plus 

400, 

minus 

400 

FPM 

e.  Over  500  FPM 

not  trending  back  to  optimum) 

f .  Trending  back  to  optimum  within 


Score  4 
Score  3 
Score  2 
Score  1 

Score  0  (If  out  more  than  8  seconds  and 
seconds,  Score  1. 


CONSTANT  AIRSPEED  CLIMBING  TURN 

Parameters  for  the  climb:  Based  on  a  Cessna  172  aircraft.  Target  Airspeed  70 
knots 


For  this  maneuver,  trainee  will  simultaneously  establish  climb  and  bank 
attitude  to  maintain  a  constant  airspeed,  constant  turn  rate  climbing  turn. 

1.  Trainee  will  establish  Vy  (Best  rate  of  climb)  airspeed  within  plus  or  minus 
10  knots. 


a. 

Plus 

5, 

minus 

5 

knots 

Score 

4 

b. 

Plus 

6, 

minus 

6 

knots ■ 

Score 

3 

c. 

Plus 

8, 

minus 

8 

knots 

Score 

2 

d. 

Plus 

10, 

minus 

10  knots 

Score 

1 

e.  Outside  of  parameters  Score  0  (If  out  more  than  8  seconds  and 

not  trending  back  to  optimum) 

f.  Trending  back  to  optimum  within  8  seconds,  Score  1. 


2.  Trainee  will  establish  an  angle  of  bank  for  a  medium  banked  turn.  A  medium 
banked  turn  is  defined  as  one  in  which  the  bank  angle  is  maintained  at  20 
degrees . 


a.  Plus  5,  minus  5  degrees 

b.  Plus  10,  minus  10  degrees 

c.  Plus  15,  minus  15  degrees 

d.  Plus  20  minus  20  degrees 

e.  Outside  parameters 

not  trending  back  to  optimum) 

f .  Trending  back  to  optimum  within 

3.  Ideal  turn  rate  is  1.5  degrees  per 

a.  Plus  5,  minus  5  degrees 

b.  Plus  7,  minus  7  degrees 

c.  Plus  9,  minus  9  degrees 

d.  Plus  8,  minus  8  degrees 

e.  Over  plus  or  minus  8  deg  bank 
not  trending  back  to  optimum) 

f .  Trending  back  to  optimum  within 


Score  4 
Score  3 
Score  2 
Score  1 

Score  0  (If  out  more  than  8  seconds  and 

8  seconds,  Score  1 

second. 

Score  4 
Score  3 
Score  2 
Score  1 

Score  0  (If  out  more  than  8  seconds  and 
8  seconds,  Score  1. 


4  . 


Once  airspeed  is  established,  trainee  will  not  vary  vertical  speed  by  more 
than  plus  or  minus  500  feet  per  minute  (FPM) . 


a.  Plus  80,  minus  80  FPM 

b.  Plus  200,  minus  200  FPM 

c.  Plus  300,  minus  300  FPM 

d.  Plus  500,  minus  500  FPM 

e.  Over  500  FPM 
not  trending  back  to  optimum.) 

f.  Trending  back  to  optimum  within  8 


Score  4 
Score  3 
Score  2 
Score  1 

Score  0  (If  out  more  than  8  seconds  and 
seconds,  Score  1. 


5.  Trainee  will  roll  out  of  turn  on  assigned  heading  plus  or  minus  20  degrees. 
Trainee  will  hold  that  heading  for  30  seconds, 
a.  Plus  5,  minus  5  degrees  Score  4 
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b.  Plus  8  minus  8  degrees  Score  3 

c.  Plus  15,  minus  15  degrees  Score  2 

d.  Plus  20,  minus  20  degrees  Score  1 

e.  Outside  of  parameters  Score  0  (If  out  more  than  8  seconds  and 

not  trending  back  to  optimum. } 

f.  Trending  back  to  optimum  within  8  seconds,  Score  1. 

NOTE:  Assigned  level  off  altitude  will  normally  be  500  feet  above  the  altitude 
the  maneuver  was  started. 

6.  Level  off  will  be  at  assigned  altitude  plus  or  minus  200  feet.  Once 

established  at  that  altitude,  trainee  will  maintain  that  altitude  plus  or 
minus  200  feet  for  30  seconds. 

a.  Plus  100  minus  100  feet  Score  4 

b.  Plus  150  minus  150  feet  Score  3 

c.  Plus  100  minus  100  feet  Score  2 

d.  Plus  50  minus  50  feet  Score  1 

e.  More  than  200  feet  Score  0  (If  out  more  than  8  seconds  and 

not  trending  back  to  optimum) 

f .  Trending  back  to  optimum  within  8  seconds,  Score  1 

CONSTANT  AIRSPEED  DESCENDING  TURN 

(Constant  airspeed  descent:  Target  airspeed  70  knots) 

Parameters  for  the  descent  based  on  a  Cessna  172  aircraft 

Trainee  will  reduce  power  to  idle,  hold  the  aircraft  level  and  establish  the 
best  glide  airspeed  then  simultaneously  establish  the  proper  glide  and  bank 
angle  to  maintain  that  airspeed  and  rate  of  turn.  Target  airspeed  is  70  knots. 
Rate  of  turn  target  is  2  degrees  per  second. 

1.  Once  airspeed  is  established,  trainee  will  maintain  that  airspeed,  plus  or 
minus  10  knots. 

a.  Plus  5,  minus  5  knots  Score  4 

b.  Plus  6,  minus  6  knots  Score  3 

c.  Plus  8  minus  8  knots  Score  2 

d.  Plus  10,  minus  10  knots  Score  1 

e.  Outside  parameters  Score  0  (If  out  more  than  8  seconds  and 

not  trending  back  to  optimum) 

f.  Trending  back  to  optimum  within  8  seconds,  Score  1. 

2.  Trainee  will  establish  an  angle  of  bank  for  a  medium  banked  turn.  A  medium 
banked  turn  is  defined  as  one  in  which  the  bank  angle  is  maintained  at  20 
degrees. 

a.  Plus  5,  minus  5  degrees  Score  4 

b.  Plus  7,  minus  7  degrees  Score  3 

c.  Plus  9,  minus  9  degrees  Score  2 

d.  Plus  8,  minus  8  degrees  Score  1 

e.  Over  plus  or  minus  8  deg  bank  Score  0  (If  out  more  than  8seconds  and 
not  trending  back  to  optimum) 

f.  Trending  back  to  optimum  within  8  seconds,  Score  1. 

3.  Once  airspeed  and  bank  angle  is  established,  trainee  will  not  vary  vertical 
speed  by  more  than  plus  or  minus  500  feet  per  minute  (FPM) . 

a.  Plus  80,  minus  80  FPM  Score  4 

b.  Plus  200,  minus  200  FPM  Score  3 

c.  Plus  300,  minus  300  FPM  Score  2 

d.  Plus  400,  minus  400  FPM  Score  1 

e.  Over  500  FPM  Score  0  (If  out  more  than  8  seconds  and 

not  trending  back  to  optimum) 

f.  Trending  back  to.  optimum  within  8  seconds.  Score  1. 

4.  Level  off  will  be  at  assigned  altitude  plus  or  minus  200  feet.  Once 
established  at  that  trainee  will  maintain  that  altitude  plus  or  minus  200 
feet  for  30  seconds. 
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a.  Plus  100  minus  100  feet 

b.  Plus  150  minus  150  feet 

c.  Plus  100  minus  100  feet 

d.  Plus  50  minus  50  feet 

e.  More  than  200  feet 

not  trending  back  to  optimum) 

f .  Trending  back  to  optimum  within  8 


Score  4 
Score  3 
Score  2 
Score  1 

Score  0  (If  out  more  than  8  seconds  and 
seconds,  Score  1. 


5. 


Trainee  will  roll  out  of  turn  on  assigned  heading  plus  or  minus  20  degrees. 
Trainee  will  hold  that  heading  for  30  seconds. 


a.  Plus  5,  minus  5  degrees 

b.  Plus  8  minus  8  degrees 

c.  Plus  15,  minus  15  degrees 

d.  Plus  20,  minus  20  degrees 

e.  Outside  of  parameters 

not  trending  back  to  optimum.) 

f .  Trending  back  to  optimum  within 


Score  4 
Score  3 
Score  2 
Score  1 

Score  0  (If  out  more  than  8  seconds  and 
seconds,  Score  1. 


6.  If  any  parameter  is  exceeded,  trainee  will  re-establish  the  proper  parameter 
within  8  seconds  or  will  establish  a  positive  remedial  trend  toward  the  correct 
value . 


THE  CLIMB  (CONSTANT  RATE  OF  CLIMB) 

Parameters  for  the  climb:  Based  on  a  Cessna  172  aircraft.  Target  Airspeed  70 
knots,  target  rate  of  climb,  500  feet  per  minute 


1. 

10 


Trainee  will  establish  Vy  (Best  rate  of  climb)  airspeed  within  plus  or  minus 
knots . 

a.  Plus  5,  minus  5  knots  Score  4 

b.  Plus  6,  minus  6  knots  Score  3 

c.  lus  8,  minus  8  knots  Score  2 

d.  Plus  10,  minus  10  knots  Score  1 

e.  Outside  of  parameters  Score  0  (If  out  more  than  8  seconds  and 

not  trending  back  to  optimum) 

f .  Trending  back  to  optimum  within  8  seconds,  Score  1. 


2.  Trainee  will  maintain  given  heading  plus  or  minus  20  degrees. 

a.  Plus  5,  minus  5  degrees  Score  4 

b.  Plus  10,  minus  10  degrees  Score  3 

c.  Plus  15,  minus  15  degrees  Score  2 

d.  Plus  20  minus  20  degrees  Score  1 

e.  Outside  parameters  Score  0  (If  out  more  than  seconds  and 

not  trending  back  to  optimum) 

f .  Trending  back  to  optimum  within  8  seconds,  Score  1 


3.  once  airspeed  is  established,  trainee  will  maintain  established  pitch 
attitude  to  hold  500  feet  per  minute  rate  of  climb  plus  or  minus  8  degrees. 


a.  Plus  3,  minus  3  degrees 

b.  Plus  5,  minus  5  degrees 

c.  Plus  7,  minus  7  degrees 

d.  Plus  8,  minus  8  degrees 

e.  Outside  parameters 

not  trending  back  to  optimum) 

f .  Trending  back  to  optimum  within  8 


Score  4 
Score  3 
Score  2 
Score  1 

Score  0  (If  out  more  than  seconds  and 
seconds,  Score  1. 


4. 


Once  airspeed  is  established,  trainee  will  maintain  vertical  speed  and  not 
vary  by  more  than  plus  or  minus  200  feet  per  minute. 


a.  Plus  50,  minus  50  FPM 

b.  Plus  100,  minus  100  FPM 

c.  Plus  150,  minus  150  FPM 

d.  Plus  200,  minus  200  FPM 

e.  Over  200  FPM 
not  trending  back  to  optimum. ) 

f .  Trending  back  to  optimum  within  8 


Score  4 
Score  3 
Score  2 
Score  1 

Score  0  (If  out  more  than  8  seconds  and 
seconds,  Score  1. 
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5.  Level  off  will  be  at  assigned  altitude  plus  or  minus  200  feet.  Once 
established  at  that  trainee  will  maintain  that  altitude  plus  or  minus  200  feet 
for  30  seconds. 


a.  Plus  100  minus  100  feet 

b.  Plus  150  minus  150  feet 

c.  Plus  100  minus  100  feet 

d.  Plus  50  minus  50  feet 

e.  More  than  200  feet 

not  trending  back  to  optimum) 

f .  Trending  back  to  optimum  within 


Score  4 
Score  3 
Score  2 
Score  1 

Score  0  (If  out  more  than  8  seconds  and 
seconds ,  Score  1. 


6.  If  any  parameter  is  exceeded,  trainee  will  re-establish  the  proper  parameter 
or  will  establish  a  positive  remedial  trend  toward  the  correct  value  within  8 
seconds . 


CONSTANT  RATE  OF  CLIMB  -  CLIMBING  TURN 

Parameters  for  the  climb:  Based  on  a  Cessna  172  aircraft.  Target  Airspeed  70 
knots,  target  rate  of  climb,  500  feet  per  minute. 

For  this  maneuver,  trainee  will  simultaneously  increase  power  and  establish 
climb  and  bank  attitude  to  maintain  a  constant  airspeed,  constant  turn  rate  and 
constant  rate  of  climb  climbing  turn.  Power  setting  will  vary  as  needed. 


1.  Trainee  will  establish  Vy  (Best  rate  of  climb)  airspeed  within  plus  or  minus 
10  knots. 


a.  Plus  5,  minus  5  knots 

b.  Plus  6,  minus  6  knots 

c.  Plus  8,  minus  8  knots 

d.  Plus  10,  minus  10  knots 

e.  Outside  of  parameters 

not  trending  back  to  optimum) 

f .  Trending  back  to  optimum  within 


Score  4 
Score  3 
Score  2 
Score  1 

Score  0  (If  out  more  than  8  seconds  and 
8  seconds,  Score  1 


2.  Trainee  will  establish  an  angle  of  bank  for  a  medium  banked  turn.  A  medium 
banked  turn  is  defined  as  one  in  which  the  bank  angle  is  maintained  at  20 
degrees . 

a.  Plus  5,  minus  5  degrees  Score  4 

b.  Plus  10,  minus  10  degrees  Score  3 

c.  Plus  15,  minus  15  degrees  Score  2 

d.  Plus  20  minus  20  degrees  Score  1 

e.  Outside  parameters  Score  0  (If  out  more  than  8  seconds  and 

not  trending  back  to  optimum) 

f.  Trending  back  to  optimum  within  8  seconds.  Score  1 

3.  Ideal  turn  rate  is  1.5  degrees  per  second. 

a.  Plus  5,  minus  5  degrees  Score  4 

b.  Plus  7,  minus  7  degrees  Score  3 

c.  Plus  9,  minus  9  degrees  Score  2 

d.  Plus  8,  minus  8  degrees  Score  1 

e.  Over  plus  or  minus  8  deg  bank  Score  0  (If  out  more  than  8  seconds  and 
not  trending  back  to  optimum) 

f.  Trending  back  to  optimum  within  8  seconds,  Score  1. 

4.  Once  airspeed  is  established,  trainee  will  maintain  established  pitch 
attitude  to  hold  500  feet  per  minute  rate  of  climb  plus  or  minus  8  degrees. 


a . 

Plus  3,  minus  3  degrees 

Score  4 

b. 

Pius  5,  minus  5  degrees 

Score  3 

c. 

Plus  7,  minus  7  degrees 

Score  2 

d. 

Plus  8,  minus  8  degrees 

Score  1 

e . 

Outside  parameters 

not  trending  back  to  optimum) 

Score  0  (If  out  more  than  8  seconds  and 

f . 

Trending  back  to  optimum  within 

8  seconds.  Score  1 
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5.  Once  airspeed  is  established,  trainee  will  maintain  vertical  speed  and  not 
vary  by  more  than  plus  or  minus  200  feet  per  minute. 

a.  Plus  50,  minus  50  FPM  Score  4 

b.  Plus  100,  minus  100  FPM  Score  3 

c.  Plus  150,  minus  150  FPM  Score  2 

d.  Plus  200,  minus  200  FPM  Score  1 

e.  Over  200  FPM  Score  0  (If  out  more  than  8  seconds  and 

not  trending  back  to  optimum. ) 

f.  Trending  back  to  optimum  within  8  seconds,  Score  1. 

6.  Trainee  will  roll  out  of  turn  on  assigned  heading  plus  or  minus  20  degrees. 
Trainee  will  hold  that  heading  for  30  seconds. 

a.  Plus  5,  minus  5  degrees  Score  4 

b.  Plus  8  minus  8  degrees  Score  3 

c.  Plus  15,  minus  15  degrees  Score  2 

d.  Plus  20,  minus  20  degrees  Score  1 

e.  Outside  of  parameters  Score  0  (If  out  more  than  8  seconds  and 

not  trending  back  to  optimum. ) 

f.  Trending  back  to  optimum  within  8  seconds,  Score  1. 

NOTE:  Assigned  level  off  altitude  will  normally  be  500  feet  above  the  altitude 
the  maneuver  was  started. 

7.  Level  off  will  be  at  assigned  altitude  plus  or  minus  200  feet.  Once 
established  at  that  altitude,  trainee  will  maintain  that  altitude  plus  or 
minus  200  feet  for  30  seconds. 

a.  Plus  100  minus  100  feet  Score  4 

b.  Plus  150  minus  150  feet  Score  3 

c.  Plus  100  minus  100  feet  Score  2 

d.  Plus  50  minus  50  feet  Score  1 

e.  More  than  200  feet  Score  0  (If  out  more  than  8  seconds  and 

not  trending  back  to  optimum) 

f.  Trending  back  to  optimum  within  8  seconds,  Score  1. 

CONSTANT  AIRSPEED,  CONSTANT  RATE  OF  DESCENT 

Target  airspeed  70  knots,  target  rate  of  descent,  500  feet  per  minute 
Parameters  for  the  descent  based  on  a  Cessna  172  aircraft 

Trainee  will  reduce  power,  hold  the  aircraft  level  and  establish  the  target 
glide  airspeed  and  target  rate  of  descent  then  establish  the  proper  glide  angle 
and  power  setting  to  maintain  those  targets. 

1.  Once  airspeed  is  established,  trainee  will  maintain  that  airspeed,  plus  or 
minus  10  knots. 

a.  Plus  5,  minus  5  knots  Score  4 

b.  Plus  6,  minus  6  knots  Score  3 

c.  Plus  8  minus  8  knots  Score  2 

d.  Plus  10,  minus  10  knots  Score  1 

a.  Outside  parameters  Score  0  (If  out  more  than  8  seconds  and 

not  trending  back  to  optimum) 

b.  Trending  back  to  optimum  within  8  seconds,  Score  1 

2.  Once  airspeed  and  rate  of  descent  is  established,  trainee  will  maintain 
established  pitch  attitude  plus  or  minus  10  degrees. 

a.  Plus  5,  minus  5  degrees  Score  4 

b.  Plus  6  minus  6  degrees  Score  3 

c.  Plus  8,  minus  8  degrees  Score  2 

d.  Plus  10,  minus  10  degrees  Score  1 

e.  Outside  parameters  Score  0  (If  out  more  than  8  seconds  and 

not  trending  back  to  optimum) 

f .  Trending  back  to  optimum  within  8  seconds,  Score  1 
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3. 


Once  airspeed  is  established,  trainee  will  maintain  vertical  speed  and  not 
vary  bv  more  than  plus  or  minus  200  feet  per  minute.  (FPM) . 
a.  Plus  50,  minus  50  FPM  Score  4 


b.  Plus  100,  minus  100  FPM 

c.  Plus  150,  minus  150  FPM 

d.  Plus  200,  minus  200  FPM 

e.  Over  200  FPM 

not  trending  back  to  optimum. ) 

f.  Trending  back  to  optimum  within 


Score  3 
Score  2 
Score  1 

Score  0  (If  out  more  than  8  seconds  and 
8  seconds,  Score  1. 


4.  Level  off  will  be  at  assigned  altitude  plus. or  minus  200  feet.  Once 

established  at  that  trainee  will  maintain  that  altitude  plus  or  minus  200 
feet  for  30  seconds. 

a.  Plus  100  minus  100  feet  Score  4 

b.  Plus  150  minus  150  feet  Score  3 

c.  Plus  100  minus  100  feet  Score  2 

d.  Plus  50  minus  50  feet  Score  1 

e.  More  than  200  feet  Score  0  (If  out  more  than  8  seconds  and 

not  trending  back  to  optimum) 

f.  Trending  back  to  optimum  within  8  seconds,  Score  1. 


5*  any  parameter  is  exceeded,  trainee  will  re-establish  the  proper  parameter 
within  8  seconds  or  will  establish  a  positive  remedial  trend  toward  the  correct 
value . 


CONSTANT  RATE  OF  DESCENT  -  CONSTANT  AIRSPEED  DESCENDING  TURN 

(Target  airspeed  70  knots,  target  rate  of  descent:  500  feet  per  minute) 
Parameters  for  the  descent  based  on  a  Cessna  172  aircraft 

Trainee  will  reduce  power,  hold  the  aircraft  level  and  establish  the  target 
airspeed  then  establish  the  proper  glide  angle  and  power  setting  to  maintain 
airspeed  and  rate  of  descent  simultaneously.  Target  airspeed  is  70  knots, 
target  rate  of  descent  is  500  feet  per  minute.  Target  rate  of  turn  is  one  and 
one-half  degrees  per  second. 

1.  Once  airspeed  is  established,  trainee  will  maintain  that  airspeed,  plus  or 
minus  10  knots. 

a.  Plus  5,  minus  5  knots  Score  4 

b.  Plus  6,  minus  6  knots  Score  3 

c.  Plus  8  minus  8  knots  Score  2 

d.  Plus  10,  minus  10  knots  Score  1. 

e.  Outside  parameters  Score  0  (If  out  more  than  8  seconds  and 

not  trending  back  to  optimum) 

f.  Trending  back  to  optimum  within  8  seconds,  Score  1. 

2.  Once  airspeed  is  established,  trainee  will  maintain  established  pitch 
attitude  plus  or  minus  10  degrees. 

a.  Plus  5,  minus  5  degrees  Score  4 

b.  Plus  6  minus  6  degrees  Score  3 

c.  Plus  8,  minus  8  degrees  Score  2 

d.  Plus  10,  minus  10  degrees  Score  1 

e.  Outside  parameters  seconds  Score  0  (If  out  more  than  8  and  not 

trending  back  to  optimum) 

f.  Trending  back  to  optimum  within  8  seconds,  Score  1. 


3.  Once  airspeed  is  established,  trainee  will  maintain  vertical  speed  and  not 
vary  by  more  than  plus  or  minus  200  feet  per  minute. 


a.  Plus  50,  minus  50  FPM 

b.  Plus  100,  minus  100  FPM 

c.  Plus  150,  minus  150  FPM 

d.  Plus  200,  minus  200  FPM 

e.  Over  200  FPM 

not  trending  back  to  optimum. ) 

f.  Trending  back  to  optimum  within 


Score  4 
Score  3 
Score  2 
Score  1 

Score  0  (If  out  more  than  8  seconds  and 
8  seconds,  Score  1. 
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4. 


Level  off  will  be  at  assigned  altitude  plus  or  minus  200  feet.  Once 
established  at  that  trainee  will  maintain  that  altitude  plus  or  minus  200 
feet  for  30  seconds. 


a.  Plus  100  minus  100  feet 

b.  Plus  150  minus  150  feet 

c.  Plus  100  minus  100  feet 

d.  Plus  50  minus  50  feet 

e.  More  than  200  feet 

not  trending  back  to  optimum) 

f .  Trending  back  to  optimum  within 


Score  4 
Score  3 
Score  2 
Score  1 

Score  0  (If  out  more  than  8  seconds  and 
seconds,  Score  1. 


5.  Trainee  will  roll  out  of  turn  on  assigned  heading  plus  or  minus  20  degrees. 


Trainee 

will 

hold 

that  heading 

for  30  seconds 

a . 

Plus 

5 ,  minus 

5  degrees 

Score 

4 

b. 

Plus 

8  minus  8 

degrees 

Score 

3 

c. 

Plus 

15, 

minus 

15  degrees 

Score 

2 

d. 

Plus 

20, 

minus 

20  degrees 

Score 

1 

e.  Outside  of  parameters  Score  0  (If  out  more  than  8  seconds  and 

not  trending  back  to  optimum. ) 

f.  Trending  back  to  optimum  within  8  seconds,  Score  1. 


6.  If  any  parameter  is  exceeded,  trainee  will  re-establish  the  proper  parameter 
within  8  seconds  or  will  establish  a  positive  remedial  trend  toward  the  correct 
value . 
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APPENDIX  IV 

SIMULTANEOUS  GRADING  OF  SOME  FLIGHTS 

BY  COMPUTER  AND  BY  INSTRUCTOR 


The  following  terms  are  from  the  evaluation  of  the  simulator  from  a  qualified  instructor. 
Student  =  student  number 

ip  =  the  performance  score  assigned  by  the  human  instructor  pilot. 

sw  =  the  performance  score  assigned  by  the  software  (automated  scoring  system). 

Sample  =  observations  1  through  6  for  each  flight. 

Maneuver  =  the  flight  maneuver  attempted: 

1  =  straight  &  level; 

2  =  turn; 

3  =  climb. 

Task  =  the  flight  task  that  was  scored: 

10=altitude; 

ll=airspeed; 

12=heading; 

13=heading  &  bank  angle; 

14=all. 
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APPENDIX  V 
ADDITIONAL  DATA 


Appendix  Table  9:  Scoring  Results  for  RTWF 
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Cl 
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■ 

— 

L5 
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1.434 
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L6 

3.463 

HESS 

■EMI 

1.918 
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2.357 

L7 

wmxm 

■Em? 

3.725 

1.770 
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2.131 

L8 

3.779 

1.197 

■ESE 

1.975 

2.914 

2.697 

L9 

L10 

C3 

2.358 

1.642 

2.254 

1.328 
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1.970 

C4 
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C5 

0.000 

T3 

1.519 
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T4 
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0.831 
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HsBsS 

T5 

0.000 
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0.80C 

1.388 

2.242 

0.739 

1.964 

keee 

Test2 

2.036 

1.273 

1.430 

2.152 

0.321 

1.861 

1.479 

L  =  Straight  and  Level 
C  =  Climbs 
T  =Turns 
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Appendix  Table  10:  Scoring  Results  for  RTWOF 
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1.611 
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■ESS 
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T2 
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1.162 

1.149 
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0.455 

L5- 
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1.910 

1.075 
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1.597 
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1.430 
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1.612 

L  =  Straight  and  Level 
C  =  Climbs 
T  =Turns 
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%  of  Participants 


Percentage  of  Participants  With  or  Without  Flight  Experience 


Flight  Training  Experience 


Experience  No  Experience 

Participants  With  or  Without  Flight  Experience 


Based  on  the  twenty-one  participants. 
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A  full  operational  system  consisting  of  four  air  vehicles  with  sensors,  a  ground  controls 
station,  a  TROJAN  SPIRIT  II  SATCOM  communication  suite,  and  55  personal. 

Primary  Function:  Airborne  Surveillance  Reconnaissance  and  Target  Acquisition 

Contractor:  General  Atomics  Aeronautical  Systems  Incorporated 

Power  Plant:  Rotax  912  4-cylinder  engine,  producing  81  horsepower 

Weight:  2250 

Length:  27  feet 

Height:  6.9  feet 

Wing  Area:  263  ft2 

Wingspan:  48.7  feet 

Speed:  80  to  120  knots 

Range:  up  to  400  nm 

Ceiling:  up  to  25,000  feet 

Fuel  Capacity:  665  pounds  (100  gallons) 

Payload:  450  pounds 
Aspect  Ratio:  9 
Cma=  “0.45 
Cmq=  -10.0 
Moments  of  inertia 
Ixx  =  2500 
Iyy=  11500 

Izz =  8000 


Adopted  from  Predator  1999 


Picture  2:  RQ-1A  Predator  UAV  at  Edwards  AFB 
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